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PREFACE 


This little book has been written with the object of 
meeting a need that has made itself felt in all branches of 
the Service, particularly since the Russo-Japanese war. 
The author has personally realised this need through the 
constant request from members of his classes for a book of 
notes on elementary theory and daily practice. 

It has been his aim to include in this handbook the 
information that from his experience he knows to be really 
called for ; and to explain the principles of Field Tele- 
phones both for commissioned and non-commissioned 
officers. It is hoped that those who have mastered the 
course of Electricity and Magnetism contained in the early 
chapters, will thoroughly understand the working of the 
various apparatus and readily appreciate the practical hints 
for field work. 

The author’s thanks are due to Mr. B. S. Cohen, 
A.M.I.E.E., who kindly corrected the manuscript, and to 
the International Electric Company and the British L.M. 
Ericsson Manufacturing Company for the loan of blocks. 

E. J. S. 

Woolwich, 

June , 1908. 
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FIELD TELEPHONES 


CHAPTER I 
BATTERIES 
Simple Voltaic Cell 

When two different metals are placed in a solution which 
is capable of acting chemically on one of them, and joined 



by a wire outside the liquid, a current of electricity is said 
to pass from one to the other inside the liquid, and back 
again by the outside wire, as shown in Fig. i. 
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If the plates are zinc (Zn) and copper (Cu) and the cell 
contains dilute sulphuric acid (H 2 S0 4 ), then the current is 
said to flow from the zinc to the copper plate through the 
liquid, and from the copper plate to the zinc by the wire 
outside the liquid. 

The circuit is made up of the interior and exterior, the 
former being the portion of the plates immersed in the 
liquid itself, and the latter the portion of the plates outside 
the liquid and the connecting wire. 

The energy of the current is derived from the dissolving 
of the zinc, and so long as there is zinc to be acted upon 
by the liquid a current can be generated. 

The point or terminal at which the wire makes con- 
nection with the copper plate is termed the positive pole, 
and that point at which connection is made to the zinc is 
termed the negative pole. 

The conventional way of showing a cell is as in Fig. 2 , 


the zinc being represented by a short, thick line 
copper by a longer and thinner line, : 


Defects 

A simple cell of this description 
action and polarisation. 

Local Action.— Commercial zi 
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is not pure, it contains impurities such as iron, arsenic, or 
other alloys, and as soon as the plate is immersed in a 
solution that will act chemically upon it, a local current is 
generated between the zinc and impure metal (Fig. 3 ) ; 
this eats away the zinc to no purpose and 
also weakens the main current. 

To overcome this the plate is amalga- 
mated by first washing it in a weak solution 
of sulphuric acid, and, when clean, dipping 
it into or rubbing it over with mercury. 

The latter combines with the zinc, bringing Fig. 3. 
pure zinc to the surface, thereby loosening 
the particles of foreign matter, which fall to the bottom 
of the cell. The mercury is not attacked by the acid, and 
continues to bring pure zinc to the surface, hence a surface 
of pure zinc is always offered to the liquid. 

Polarisation. — The most troublesome defect is polarisa- 
tion. This is a perceptible falling off in the current strength, 
and is caused by the bubbles of hydrogen gas, generated by 
the chemical action of the cell (when doing work), being 
deposited on the surface of the carbon or copper plate, 
whichever the cell contains. Gas is not a good con- 
ductor of electricity, and if allowed to accumulate will 
gradually cover the working surface of the plate, and there- 
fore cause a falling off in current strength. The cell is 
then said to be polarised. This is practically overcome by 
using a substance rich in oxygen and placing it around 
the carbon or copper plate, either in a solid or liquid form * 
this is a 4C depolariser.” 

The most common forms are 

Binoxide of manganese (Mn0 2 ) 

Copper sulphate (CuS0 4 ) 

The depolarising action is due to the hydrogen combining 
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with the oxygen in depolariser; the result is, water (H 2 0) 
is formed. If a cell is kept working for any length of time, 
although it contains a depolariser, it will still polarise a 

little. 

This is due to hydrogen being generated at a greater rate 
than the oxygen in depolariser can account for it. To over- 
come this, break the circuit for a minute or so to allow the 
oxygen to do its work. 


Leclanche Cells 

The Leclanche Cell is the most common form of cell 
to be met with, and is largely used for house bells and 

stationary telephones, its great 
advantage being its cheapness. 
The ordinary form consists 
of a glass vessel of the shape 
shown in Fig. 4. This con- 
tains a zinc rod with a copper 
wire soldered to it, forming 
the negative pole, also a 
carbon plate with a lead head 
shrunk on to it for the attach- 
ment of the terminal or posi- 
tive pole. 

_ The carbon plate stands 
inside a porous pot, which 
contains the depolariser (bin- 
oxide of manganese) in a 
granulated form, mixed with 
granulated carbon to make 
FlG- 4< it a better conductor. The 

, . porous pot is sealed. The 

vessel is nearly filled with a saturated solution of 
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salammoniac (NH 4 C1), which is the exciter. This gradually 
percolates through the porous pot, until the whole is left 
about three-fourths full. 

The action of the cell is as follows : — 

The zinc combines with the chlorine of the salammoniac 
to form zinc chloride (ZnCLJ, which is dissolved in the 
solution ; the hydrogen being set free from the salammoniac 
robs the depolariser of some of its oxygen to form water, 
ammonia being also given off, as shown in the chemical 
formula — 

(1) Zn + 2NH 4 C1 = ZnCI 2 + 2 NH 3 + H a 

( 2 ) H a + zMnOo = Mn 2 O a + H 2 0 

The Agglomerate Leclanche.— This differs from 
the type just described in having no porous pot, the 
depolariser being agglomerated with carbon and pressed 
into blocks. The blocks thus formed are held to the 
carbon plate by indiarubber bands, usually provided with 
small holes for the zinc rod, to keep the latter from touching 
the blocks. In other respects the cell is the same as the 
previous one. The advantage of the agglomerate type is, 
that, being without a porous pot, there is less resistance or 
obstruction to the current before reaching the carbon. 

I he glass vessels of the Leclanchd cells and porous 
pots should always have their tops coated with black tar 
varnish or paraffin wax to prevent the creeping action of 
the solution, which, if allowed, would creep up to the lead 
head on carbon plate and cause a local action to take 
place between it and the carbon. This would form lead 
chloride (a white substance), which would get under the 
lead head, and as it is a bad conductor of electricity, 
would cause a bad contact to be made between the lead 
and carbon. The junction of lead head and carbon plate, 
and zinc rod and wire, should also be treated with this varnish. 



Dry Cell 

Dry cells have of late years come extensively into use. 
They are greatly used for telephonic purposes, and portable 
telephones owe their present state of perfection to the 
introduction of dry ceils. 

There are various makes to be found, such as the 
Obach, E.C.C., Hellesen, etc., which are all modifications 
of the Leclanche. 


Obach Cell 

There are various sizes of .Obach Cells. 

They consist of a zinc plate which is either cylindrical 
or rectangular in shape, in the 
centre of which stands a carbon 
rod; surrounding the carbon rod 
is the depolariser, made up in the 
form of a paste, consisting of 
binoxide of manganese, plum- 
jjMu ba g° and gum. Between the 
zinc plate and the depolariser is 
the exciter, which consists of 
plaster of Paris and flour saturated 
with salammoniac ; this paste is 
pressed down to ensure its coming 
in contact with the zinc, a disc 
of paper is placed on the top, 
above this a layer of sawdust 


A y cardboard caw ; if, sealing com* III, • iT ‘ 0t S£WduSt 

^ hlch ] allo iL ws for expansion and 

exciter ; T, terminal ; W, copper alS0 absorbs moisture, a Second 

*rirc;/»,nnc cylinder. paper ^ ^ ^ ^ 


Fig. f . , , . , , ; — 

: - , . . sealed with pitch, a small glass 

SLS 8 ‘ n “ rte<1 “ iU0W ° f ““ pe of 8“ th« is 
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A copper wire or a terminal soldered to the zinc forms 
the negative pole, and the terminal on the carbon stick 
the positive. The whole is inserted in a cardboard case, 
which entirely covers the zinc plate. 

Arrangement of Cells 

Generally speaking, cells may be arranged in two different 
ways. 

When a battery consists of a number of cells, they may 
be arranged either in series or in parallel. To join cells in 
series (Fig, 6) the positive of one cell is connected to the 


111 


Fig. 6. 


negative of the next, and so on. This leaves a free positive 
and negative, which are termed the poles of the battery. 




Fig. 7. 


The plus sign denotes the positive, and the minus 
the negative pole of a battery. 

To join cells in parallel (Fig. 7) all the pos 




Remedy 
Pour in more. 

Empty and add fresh solution 
Scrape off crystals and add a 
little, water. 
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Cause Remedy 

White deposit between lead Replace carbon rod or plate 
cap and carbon, caused by by a new one. 
creeping of solution or by 
splashing. 

Depolariser exhausted, indi- Replace depolariser. 
cated by cell running down 
when under test. 

The electromotive force or pressure of all Leclanche 
and dry cells is approximately 1*5 volt. 

Dry cells should always be kept in a cool place. 

Don’t allow the positive and negative poles of a cell to 
touch, or connect them together with a short piece of wire, 
more especially a dry cell. 

Cells are tested by means of an instrument called a 
voltmeter, which indicates the pressure or voltage of a cell 
when it is connected to it. 

A terminal is a brass connecting-nut for attaching a 
wire to. 

Some instruments have a terminal marked + . This 
means that the positive only of the cell or battery should be 
connected to it. 

When a dry cell is exhausted it cannot be refilled. 
Leclanche cells are very cheap. 

The price of a quart size, porous pot form, complete, is 
about is, 2d, 

The internal resistance of a quart porous pot Leclanche 
is about 1 ohm, and the agglomerate type 0*6 ohm. 

Obach dry and Leclanche cells are made at Siemens 
Bros l Works , Charlton , London , S,E, 

In hot climates it is not desirable to have the sal- 
ammoniac solution saturated. 

Siebrosal, a specially prepared exciting salt, is prepared 
for use in Leclanchd batteries in place of salammoniac. It 
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is considered better, and costs about 10 d. a lb. tin About 
3 oz. is sufficient to make solution for a quart size cell It 
can only be obtained from Siemens Bros. 

Salammoniac can be bought in crystals or powdered 
The latter is the best for cells. It is about 5 d. a pound’ 
About 7 oz. makes a saturated solution for a quart cell. 

Ihe price ofanObach dry cell, size P, is about ir. 1Q d ■ its 
dimensmns being 2 f in. square by 6§ in. high ; weight 2 lbs. 
Obach cells are designated by letters. 

Some Obach cells have a wire soldered on to the zinc 
plate instead of a terminal. 

caJatd ?vT h W SiZe iS Sp6Ciaily ada P ted for use with motor 
rs and cycles as an ignition battery, price about 3 r. each 

Dont carry an Obach dry cell with a negative St 

— , by ' th K 6 Wire ‘ If y0U Want t0 bend the wire 

held t fi / m y W! ? l ° nS 11311(1 behind the PO^t you wish to 
bend it from, and bend it with the other hand. 

If the w lre should break, cut the cardboard away a little 

W,r d “““ a tah pSe. 

“' d „*° t r d r ***• *■* 

too much current would hp Mr 3 ^ or short periods, as 

shorten it* SI ““ fr °” ,hem - *o«M 

i. gi zs* " s "“ ! for -*■-* — — 

r; ,he -t- 

wkef”tt«d“ tt Z 7 LH° m from T. 

external resistance of rst, io 0tu - Wlth an 

sists of four cells, E.M.F.x- 5 volt extern,? “ batterycon - 

"** ** *r 1 “ eacfa - 


CHAPTER II 

ELECTRICAL CIRCUITS 

Conductors 

A conductor is a substance that will convey or allow a 
current of electricity to pass freely through it. All 
metals are conductors, as also are some liquids, a few 
of the more metallic elements, such as carbon, and the 
earth. 

Some metals will conduct better than others ; that is, 
they vary in the obstruction which they offer to the current. 
Pure silver and copper offer the least obstruction of the 
metals. 

The following are arranged according to their conducting 
power or conductivity 


Pure silver 
„ copper 
„ aluminium 
„ platinum 
„ iron 
„ tin 
„ lead 
German silver 


Platinoid 
Manganin 
Pure mercury 
Carbon 

Dilute sulphuric acid 
(one-twelfth acid) 
Water 
The earth 


As copper is a good conductor, and being cheaper than 
silver, conducting wires are mostly made of it 



An insulator is a si 
conditions, allow a cu 
2t * ft therefore offers 
the current, and 
The following ; 

Dry air 
Ebonite 
Indiarubber 
Guttapercha 
Paraffin wax 
Dry cotton 
Oiled silk 

Dry air is used as th. 
wires, indiarubber beincr 
light cables . 

/I here is not a conductor that 
resistance, neither is there an insulate 
vent a current from passing through it 
; s J“- u " d » » rdi n««y co„dia 

small, the above insulator* 


instance that will not, under 
rrent of electricity to pass 
a great obstruction or resij 
is therefore the converse to a cond 
are some insulators 

Earthenware 
Glass 
Porcelain 
Black tar varnish 
Paint 
Dry wood 


resistance 

( c ) Ps diameter, 

(d) Its temperature. 

In the case of M „ 

( ). copper wire will conduct bette 
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than one of iron ; (£), it is proportional to its length ; the 
longer the wire, the greater the resistance ; (c) the thicker 
the wire, the smaller the resistance ; (d) the resistance of 
metals increases with a rise of temperature, that of carbon 
and some liquids decrease. 

The resistances of German silver, platinum, and manganin 
are practically unaffected by temperature. 


Internal Resistance 

The resistance of a cell is called internal resistance. 
The larger the plates, and the closer they are together, the 
smaller this resistance. 


B, 


The Electric Circuit 

The electric circuit consists of a battery, and the wires 
or instruments that may be connected between the poles, as 
in Fig. 8. 

In the electric circuit there are three S J 

things to be considered. 

Firstly, let us remember that the wires 
and cell offer a resistance to the flow of 
current. 

Secondly, there is the pressure that is 
generated by the chemical action of the 
cell, resulting in the flow of an electric current. This current 
cannot overcome the resistance that is offered to it unless 
it has a pressure. 

Thirdly, the pressure that urges the current through the 
resistance, and which is known as the electromotive force 
(E.M.F.), is also obtained due to the chemical action of the 
cell 


PWWVWW 

Fig. 8. 


field telephones 


14 


The Electrolytic Cell 

Let S, Fig. 8a, represent a piece of silver connected to 
the positive pole of a battery, and D a platinum dish 
containing a solution of silver nitrate, the 
negative pole of the battery being con- 
nected to the dish D. 

When a current passes through the 
solution it decomposes it, causing it to 
obey the same law as the hydrogen and 
oxygen in the simple voltaic cell. I11 
this case, the silver in the solution is 
deposited on the negative plate or dish D, 
Current strength can be determined 
in this way, as the stronger the current the greater the 
deposit. 

Units ' . 

In the ordinary affairs of life it is necessary to have 
units or standards of length, weight, time, etc., so also are 
units necessary for precise statement and calculation in 
electrical work. 

The following are electrical units : — 

Ampere.— The standard of current strength agreed 
upon is called the ampere, after a French scientist of that 
name. This current will cause a deposit of silver at the rate 
of 0*001118 gramme per second. 

Ohm.— The practical unit of resistance is the ohm 
(called after Ohm, a German scientist), and is that amount 
of resistance offered by a column of pure mercury 106*3 
centimetres long, and one square millimetre in cross 
section. 


1 



Fig. 8a. 
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The ohm is usually denoted by the Greek letter co (omega), 
thus 4 (a means 4 ohms. 

Volt. — The practical unit of electromotive force is the 
volt (called after Volta, the Italian scientist), and is that 
amount of force that will enable one ampere of current to 
overcome the resistance of one ohm. 


Conductance 

The conducting power, or conductance, is the reverse 
of resistance. If a wire has a resistance of 4 co, its con- 
ductance will be 

The foregoing units were framed into a law by the 
German scientist Ohm, which he called Ohm’s Law. 


Ohm’s Law 

This states that the current flowing in a circuit is 
proportional to the electromotive force in volts, but is 
inversely proportional to the resistance in ohms. 


That is 

therefore 

and 


R : 


E.M.F. 

R 

E.M.F. 


E.M.F. = C x R 


By means of this law, if we know any two of the above, 
the third can be determined. 

Exa?nftle . — A Leclanche cell, E.M.F. 1*5 volt, internal 
resistance 0*2 w, has connected to it a resistance of 4 w. 
What current is passing in the circuit ? 
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As you are asked to find the current, the formula to be 

used is — 


c = 


E.M.F. 


R, the total resistance in the circuit, will be the internal 
plus the external resistance. 


Therefore 


C=~: = o*35 amp. 
4 2 


It will assist you if a sketch of the circuit is made as 
shown in Fig. 8 . 

In the above example, if we know the E.M.F. (1*5) 
and current (o ’35 amp.), find the resistance that is being 
overcome. 

The formula will be — 


R 


E.M.F. i*5 
__ - = = 4*2 to 

^ o*35 


Example— li in above example we know only the 
current (0*35 amp.) and the resistance (4*2 <*>)> find the 
E.M.F. that is being expended. 

The formula will be — 

E.M.F. = CxR = 0*35 X 4*2 = i *5 volt nearly. 

E 

These examples prove that the formula C = g can be 
modified to R = g , etc. 

Resistances in Series and Parallel 

Wires can be connected up either in series or parallel. 

Fig. 9. 

When they are joined in series, as shown, the resistance 
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which will have to be overcome by a current entering at 
A and leaving at B, or the joint resistance, will be — 

6 -f 4 = ioco 

When the same two wires are joined in parallel, to 
determine the joint resistance, multiply the two together 
and divide by their sum, thus — 


6 x 4 _ 24 
6 + 4 ~~ 10 


2 ’4 oj 


To determine the joint resistance of more than two 
unequal resistances in parallel. 

Find the joint conductance by inverting the resistance 


4 - 0 ) 



Fig. 10. Fig. ii. 


and adding them together, then invert the joint conductance, 
which will give the joint resistance — 

1 ! 1 1 6 + 34*2 II. A. , . 

7 + o + rr = — ~ =-™ joint conductance 

4 o 12 24 24 J 

2 A 2 

therefore the joint resistance = — or 2 — <0 
J 11 11 

To determine the joint resistance of any number of 
equal resistances in parallel, divide the resistance of one 
by the number in parallel — 

20 

~j- = 5 o) joint resistance 

or, in the case of cells of a similar type in parallel (Fig. 7) : 



If their internal resistance be o' 2 $ to 
volt each, then three cells connected in pa 
a joint internal resistance of— 


service, it will not be necessary to say any more here 
about it. 

The reader will readily observe how much the joint 
resistance in a circuit can be reduced, if necessary, by 
joining the wires or resistance in parallel, thereby increasing 


Simple Circuit 

In a simple circuit there is only one path for the 
current, therefore it is the same strength at any point of 
the circuit In Fig. 8 the current at A will be the same 
strength as the current at B. 


. i .1 
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Compound Circuit 

Iii a compound or parallel circuit, 
there is more than one path for the 
current to flow, as the resistances are 
in parallel. The path which has the 
smallest resistance will have the most 
current. 


Fig. iz. 


Metallic Circuit 

A metallic circuit is one that is connected by a line 
and return wire. 



Fig. 14. 

Earth Circuit 

An earth circuit is one that utilises the earth instead 
of a return wire, an example being a field telephone or a 
telegraph circuit. 
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Short Circuit 

A short circuit is caused by two wires making contact 
with each other, or the same piece of metal, thereby 
allowing the current to return without going to the 
instrument, as in Fig. 16. 


Fig. i 6. 


Summary 

The ampere is the unit of current. 

„ volt „ „ „ pressure or E.M.F. 

„ ohm „ „ „ resistance. 

The Metric System is used in electrical measurement- 
i metre = 39*37 inches 

1 centimetre = 1 hundredth of a metre 
1 millimetre = 1 thousandth of a metre 
1 milliampere = 1 thousandth of an ampere 
1 millivolt = 1 thousandth of a volt 
1 megohm = 1 million ohms 


Potential means the power of doing work. 

Potential difference (P.D.) means the difference of power 
or pressure between any two parts of a circuit. 

In a simple circuit, the current is the same strength at 
any point of the circuit. 

In Fig. 13, the joint resistance of the circuit is found 
by working out the resistance of the 2 and 4 o> wires in 
parallel and then adding the result to the 10 o>, as the latter 
is in series with the joint resistance of the former. 
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German silver consists of four parts copper to one of 
zinc and two of nickel. 

Platinoid consists of 59 per cent, of copper 
25-5 „ „ zinc 

14 „ „ nickel 

1 '5 }3 „ tungsten 

Manganin consists of 84 per cent, of copper 

12 „ „ manganese 
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MAGNETISM 


Magnet 

A magnet is anything that has the power of attracting or 
picking up pieces of iron or steel. 

A lodestone is a certain hard black stone that is dug 
out of the earth, and will, if hung up from its middle by a 
thread, always set itself north and south. Such a stone was 
originally termed a “ leading stone,” from the fact that it 
was in early days used as a compass. It is an ore of iron, 
another name for it being magnetic oxide of iron. 

If a bar of steel is rubbed with a lodestone, it will 
become magnetised, and if suspended will set itself north 
and south. 

Steel bars or horseshoes treated in this way are termed 
artificial magnets, and are capable of attracting iron or 
steel. 

Every magnet has two poles at which it will be found 
that the magnetic attraction is greatest. These are at the 
ends of a bar and horseshoe magnet. 

We cannot obtain a magnet with only one pole; for 
instance, if a steel bar magnet is broken into several pieces, 
each piece will exhibit a north and south pole. 

Artificial magnets may be either bar, horseshoe, or ring 
shaped, as in Fig. 17. 

A compound magnet is made by clamping together thin 
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pieces of steel that have previously been magnetised, to 
form a single magnet. It may take the shape of any of the 
above. Such a magnet is stronger than a single piece of 
steel of the same size. 

If a piece of thin steel is magnetised and pivoted 
horizontally on a pin point, it will, as previously stated, 
point north and south. A very common example of this 
is the ordinary pocket compass. 

When the north pole of a bar magnet is presented to 




the north of a magnetic needle, it will be seen to be repelled. 
Such will also be the case if the south pole is presented to 
the south pole of needle. 

But if the north pole of magnet is presented to the south 
of needle, or south pole of 
magnet to north of needle, 
the needle will be attracted . 

First Law of Mag- 
netism. — The facts stated 
above may be summed up 
as follows : Like poles re- 
pel, unlike poles attract. 

Magnetic Lines of 

Force. — It has been previously stated that artificial magnets 
have the power of attracting iron or steel ; this is due to 





invisible lines of magnetic force that are said to leave the 
north pole, curve through the air to the south pole, and 
along the body of the magnet as in Fig. 18. 

To obtain a good magnetic figure of a bar or horseshoe 
magnet, lay the magnet fiat down on the table and place 
over it a sheet of glass, on top of the glass place a sheet of 
paper, then sprinkle iron filings through a pepper-box evenly 
all over, gently tapping the glass at the same time. The 
filings will be seen to arrange themselves along the lines of 
force. 

Fig. 19 represents two north poles placed opposite to 






each other, and Fig. 20 a north pole placed opposite a 
south pole. 

Magnetic Field, — The space surrounding a magnet 
through which the lines of force pass is termed the magnetic 
field. 

Once steel is magnetised it retains its magnetism, but 
iron is only a magnet so long as it is in a magnetic field. 

If a steel magnet is let fall, or is heated, it will lose some 
of its magnetism. It can be demagnetised by bringing it to 
a red heat and allowing it to cool slowly. 

Residual Magnetism. — When iron has once been 
magnetised it retains a small amount of magnetism, which 
is called residual, more especially if the iron is not very 
soft. This is more noticeable in large pieces of iron. 
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Magnetic Induction —In Fig. 21, opposite the north 
poie of the bar magnet is a piece of soft iron. It will be 
seen that some of the lines of force enter the iron, and in 
doing so the iron becomes magnetised, that end nearest the 
north of magnet will, of course, exhibit south polarity. 

This is called magnetisation by induction, the north 
pole always inducing a south pole at the end of the iron 
nearest to it. 


rf 


H y b 


A X 


Magnet 


Iron J 


M > ' ' N 

1 \ » 1 ^ 


Fig. 21. 


If the iron was near enough to the magnet it would be 
attracted to it and be magnetised, extending this pole as in 
Fig. 22. 




Magnet 


■O * 

Iron 






* 


Fig. 22. 


Magnetism of the Earth.— The reader will re- 
member it was stated that if a magnetic needle was placed 
on a pivot, it would set itself towards the poles of the earth. 
This proves that the earth is a huge magnet, and gives out 
lines of force, which curve over its surface from pole to pole. 

Besides the geographical north pole there is the magnetic 
north, which is, in Greenwich, about seventeen degrees west 
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of the geographical. It is to the magnetic north that a 
compass needle always points. 

Summary 

A lodestone is sometimes called magnetite. 

In addition to steel and iron, nickel and cobalt are 
magnetic substances. Non-magnetic substances are silver, 
gold, brass, lead, etc. 

Law of magnetic attraction and repulsion : Like poles 
repel, unlike poles attract. 

The magnetism in a steel magnet, is diminished, or 
perhaps destroyed, by rough handling or by extreme heat. 

A pair of bar magnets should always be put away with 
unlike poles placed side by side, and an iron keeper across 
the poles. This enables the lines of force to go through 
the iron keeper instead of through the air ; the path being 
easier lengthens the lives of the magnets. 

Never place a magnet near a delicate electrical instru- 
ment, or you may spoil the instrument. 

A piece of steel may be magnetised by stroking it, from 
end to end, with one pole of a strong permanent magnet. 
The stroking must be always in the same direction, not 
backwards and forwards. 

Electromagnetism 

If a wire carrying a current is held near a pivoted 



Fig. 23. 


magnetic needle, the needle will be seen to be deflected. 


MAGNETISM 


27 


This proves that the wire must give out lines of force, 
which act upon the needle. When a wire carries a current, 
whether it is insulated or not, it gives out circular lines of 
force throughout its length, as shown in Fig. 23. These 
lines of force disappear immediately the circuit is broken. 


Next, let us consider the wire to be coiled, as in Fig. 24. 



Fig. 24. 


The field given out by the coil will be the same as a weak 
bar magnet, the ends exhibiting polarity. 

If we insert a core of soft iron inside the coil, the iron 
will become strongly magnetised, due to the magnetic lines 
of force entering it, and the ends of the iron will exhibit 
polarity, as in Fig. 25. This is termed an electro-magnet. 



As soon as the current ceases to flow the iron becomes 
demagnetised, as the wire no longer gives out lines of force. 

Electro-magnets are made in various shapes and sizes, 
the most common form being the horseshoe type, although 
the one shown in Fig. 26, not actually resembling a horse- 
shoe, is called by this name. 

The various parts of an electro-magnet are : — 

B, B' the bobbins of ware, C, C the cores of iron, being 



joined at the bottom by the yoke of iron. The cores are 
usually made to screw into the yoke, an armature of soft 
iron, which is attracted when the cores are magnetised. 

When a current passes, the ends of C, C become the 
poles of the electro-magnet, the lines of force passing from 

Armature 


Yoke 


one pole to the other. If the armature is near enough it 
will be attracted to and held by the poles. 

The electro-magnet is of great practical importance, and 
most electrical instruments are worked by this principle. 


Trembling Bell 

A yery common application of the electro-magnet is in 
the ordinary electric bell. This, it will be seen, is caused 
to work by the magnetisation and demagnetisation of the 
electro-magnet. 

In Fig. 27 T, T' are the terminals of the bell, to which 
the wires from the battery are connected through a bell 
push ; M is an ordinary electro-magnet, one end of the coil 
C being connected to the terminal T, and the other to the 
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metal or framework of the electro-magnet. A is an iron 
armature to which is fixed a piece of flat spring D, which 
acts as a pivot at E ; a metal hammer screws into its other 
end. Opposite this hammer is placed a metal gong G; 
at the back of the armature is fixed a flat spring S, which is 
bent so that it will just touch an adjusting screw p. The 
adjusting screw passes 
through a pillar P, which 
passes through to the 
back of the board, 
where a wire is con- 
nected from it to the 
other terminal T'. 

If the positive of a 
battery is joined to T, 
and the negative 
through a bell push to 
T', the circuit will be 
as follows : — 

From T around the 
electro-magnet coils 
(which are joined in 
series) to the frame, 
down the armature, 
from the flat spring S to adjusting screw to pillar P, back by 
the wire to terminal T', through the bell push to the negative. 

Action. — As the circuit has just been traced and is found 
to be complete, the current will cause the iron of electro- 
magnet to become magnetised, the armature is attracted by 
the poles, and causes the hammer to strike the gong. The 
armature brings with it the flat spring S, which leaves the 
screw p; this causes the circuit to be broken, and so 
demagnetises the electro-magnet, as no current is now 
passing. The magnet will therefore release the armature, 
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and allow the spring D to reassert itself and bring it back, 
as it was attracted against the pull of this spring. As soon 
as the spring S touches the screw p the circuit is again 
completed, and the same thing takes place. From this we 
can say that the bell is caused to ring due to the make and 
break of the circuit, causing magnetisation and demagnetisa- 
tion of electro-magnet, and therefore attraction and release 
of armature. 

Some bells have their coils wound on bobbins, and the 
bobbins slipped over the iron cores. The pole pieces are 
sometimes tipped with brass, to prevent the armature from 
sticking to them after the circuit is broken, due to residual 
magnetism. 

To make it, or any trembling bell, act as a single-stroke 
bell, connect a wire from the frame to terminal T'. This 
cuts out or short circuits the adjusting screw, the circuit 
remaining closed when the armature is attracted, leaving 
the screw and is only broken by breaking the circuit at 
the bell push. 

A buzzer is sometimes used instead of an electric bell. 

It differs from the bell in 
ft /^guQ)) having no hammer and 
gong. The armature is 
°) much thinner, so that it 

\ c XJ will give a buzzing sound 

2 Hr 3 when it vibrates. 

g § A common electro- 

f ; ill 1 1 | 5 magnet is used also in a 

llll II simple relay, which is a 

1 1 11 1 11 form of electro-magnet, 

Fig. 28. usually with a projecting 

piece on the armature, 
that will, when attracted, touch a contact and close another 
independent circuit. 
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This type of electro-magnet is called a common or non- 
polarised. In another shape it is used for a house indicator, 
as in Fig. 28. 

The action of this type of indicator is that when a 
current passes round the coils, the iron core C becomes 
magnetised and attracts the iron armature A ; as soon as the 
circuit is broken by releasing the bell push, the core C 
demagnetises and releases the armature ; as this is loosely 
supported it will act like a pendulum and swing for some 
time, which is indicated by the painted portion B showing 
through the glass door of case. 

Fig. 28A represents the circuits of a house wired with 
a four-room indicator, bell, and battery. It will be seen that 



Fig. 28a. 

when a push is pressed, that circuit is closed through its 
indicator, working it and also ringing the bell. 

Polarised Electro-magnet. — A polarised electro- 
magnet is one that always has polarity, whether a current 
is passing or not. This is due to the . presence of a per- 
manent magnet. 

Polarised Bell 

The polarised or magneto bell consists of a ] shaped 
permanent magnet M, on the south pole of which stands 
the yoke Y of an ordinary horseshoe-type electro-magnet, 
as in Fig. 29. 



Under the north pole of the permanent magnet is an 
iron armature A, which is pivoted so that it can vibrate 
about its centre, just in front of the iron cores B. The 
hammer H is fixed to one side of the armature and moves 
with it, striking alternately the gong on either side. 

The north pole of the magnet being over the centre of 
the armature A, makes it a magnet by induction, the middle 
having a south polarity, and the ends north. The yoke 
Y of the electro-magnet, standing on the south pole of the 
permanent magnet, has the effect of extending this south 


Fig. 29. 

pole, as shown in Fig. 22, to the ends of the iron cores, 
which will exhibit a south polarity. 

Action. — If a current enters the coils, say from the 
right side, it will have the effect of an ordinary common 
electro-magnet, that is, it will make one core a north, and 
the other a south pole. This effect will be to strengthen 
one core which has already a south pole, and weaken or 
neutralise the other core. The armature being attracted 
towards the left-side core, causing a blow to be struck 
on the right-side gong. If the current now enters by the 
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left side, the polarity due to the current will be reversed, 
causing the core that was previously strengthened to be 
weakened, and vice versa , so that the armature will now 
be attracted by the right core, and the left gong struck. 

It will now readily be seen that the current must 
alternately enter, first by the right and then the left 
side of coils, to make this type of bell ring. The current 
used is called an alternating current, and is generated by a 
small magneto generator, to be described later. Some 
belfs have two polarising magnets, but their action is 
similar. 

Galvanometer 

A galvanometer or detector is an instrument that is 
used to detect the presence of an electric current. 

It has already been ex- 
plained that a wire carrying 
a current gives out lines of 
magnetic force. It is on these 
that the action of a detector 
depends. If a coil of wire, as 
in Fig. 30, has pivoted inside 
it a magnetic needle M, when 
a current traverses the coil, the 
lines of force given out by it 
will act on the needle, and 
cause it to be deflected. Fixed 
to the same spindle, but at 
the other end of it, is a non- 
magnetic pointer that moves 
over a graduated scale. By 
this means the movement of 
the magnetic needle inside the coil is indicated on the 
scale. 
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]?jg 4 30 represents a linesman’s detector. This is 
known* in the service as Detector Quantity and Intensity. 
It has two coils and three terminals j between the centre 
and one other is fixed the letter Q, to these the ends of 
the low resistance coil are connected 3 resistance about 
0*2 ohm. Between the centre and the other is fixed 
the letter I, to these the ends of the high resistance coil, 
about 100 ohms, are connected. The low resistance Q 
coil consists of a few turns of thick wire wound from one 
terminal round one bobbin, then on to the other bobbin, 
and back to the centre terminal. The other coil is wound 
in a similar manner, but, having a much higher resistance, 
consists of a greater number of turns. The high resistance 
coil is used with a high resistance circuit, and vice versa the 
low resistance coil. 


Summary 

The reader will notice that the electro-magnet is by far 
the most useful electrical device, as nearly every instrument 
and machine depends for its action on it. 

In winding an electro-magnet, if the coil comes off the 
core on the side nearest you, the winding on the other 
core should commence on the side farthest from you, as 
in Fig. 26, so that, if the cores were removed and put end 
on to each other, the winding would appear continuous. 

To determine the polarity of an electro-magnet, a simple 
rule is as follows : — 

Put down the letter S, mark the top part N, and the 
bottom S, thus s S N . This means that the top half of S being 
made in a counter-clockwise direction means north, and the 
bottom half being made clockwise means south. Therefore, 
if* where the current enters an electro-magnet the winding 
takes a counter-clockwise direction, that end will have north 
polarity, and if it takes a clockwise direction it will be south. 
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Electro-magnets should be made of the softest iron, 
which is usually Swedish, well annealed after turning and 
filing has been finished. 

The softer the iron the less chance it has of retaining 
magnetism. 

The strength of an electro-magnet depends upon its 
ampere turns, i,e. the current passing through it multiplied 
by the number of turns of wire. 

An electro-magnet that has to be used on a high 
resistance circuit (small current passing) should have a large 
number of turns of the wire on the coils (high resistance 
electro-magnet), as a weak current passing around the 
iron core a great many times will give a greater magnetic 
effect than a weak current passing around a few times, 
as would be the case if it were a low resistance 
electro-magnet. This also applies to the electric trembling 
bell. 

If the circuit is a low resistance one, use a low resist- 
ance electro-magnet and a good battery. 

Example . — If 3 amperes is sent around a coil having 
20 turns, its strength will be 3 X 20 = 60 ampere turns. 

Example . — If a current of } of an ampere be sent round 
having 300 turns, its strength will be | or 0*2 x 300 = 60 
ampere turns ; that is, the same as the first. 

It will be understood from this, why an electro-magnet 
intended for use with weak currents is wound with many 
turns of fine wire, and why one for large currents has only 
a few turns of thick wire. 

An electro-magnet has the following advantages ; — 

It can be actuated from a distance. 

It can be demagnetised by breaking the circuit. 

Its polarity can be reversed by reversing the direction 
of current. 

Its strength can be increased up to a certain point 
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(saturation) by increasing the current, or the number of 
turns of wire on its cores. 

Saturation means that a piece of iron can only be 
magnetised up to a certain strength, which depends upon 
the kind of iron, and its size. 

Magnetic lines of force cannot be insulated, therefore 
it is immaterial whether the coils of an electro-magnet are 
wound directly on to the iron, or on to a bobbin, and then 
slipped over the iron. For convenience the latter method 
is usually employed. 

A trembling or chattering bell often fails to act, due 
to the want of adjustment of the contact or adjusting 
screw. 

A small screw is often to be seen on the side of the 
adjusting screw pillar. This is for clamping after it has 
been adjusted. Never try to adjust without loosening the 
clamping screw. 

If a trembling bell becomes an annoyance, make it a 
single stroke as previously explained. 

The resistance of the two coils of some first grade 
trembling bells is about 100 ohms. 

The points of contact between spring at back of bell 
armature and the end of the adjusting screw should be 
tipped with platinum, if not, the metal gets burnt away due 
to the spark caused by the break of the circuit at this point. 
This would cause a faulty contact here. 

All contact keys should be tipped with platinum ; it 
prevents this. 

Some electric bells have the electro-magnet and arma- 
ture combined under the gong. The electro-magnet in 
this form is not a horseshoe, but a single coil and iron 


Electric indicators are either pendulum or replacement. 
The pendulum is set swinging by being attracted 
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when the bell is rung, as the indicator magnet is in series 
with it. 

In the replacement type the armature of indicator is 
attracted, and allows the indicator to fall. It has to be 
replaced mechanically. 

There is an electrical replacement indicator which has 
to be replaced by pressing a push-button (usually fixed 
underneath) when the indicator falls; a relay is used 
with it. 

"Replacement indicators have the disadvantage of the 
attendants forgetting to replace them, causing extra wear 
on the stair carpet when they go to see where they are 
required. 

A 6-hole pendulum indicator costs about 9^. (without 
bell). 

A 6-hole replacement indicator costs about 12^. 6 d. 
(without bell). Electric bells range from is. gd. to about 2 is. 
Ventys y Lid. } King Street , Covent Garden , IV. C. 

To ascertain by means of a detector if a wire or 
circuit is broken, place the detector in series with the 
circuit at any point; a deflection will be obtained if 
correct. 

In testing a house-bell circuit for continuity, connect it 
in series, and close circuit by pressing bell push. This 
should give a deflection. 

A bell push is usually a circular piece of wood, metal, 
or china, that contains two strips of metal to which the two 
wires of a bell circuit are connected. They are made to 
touch and complete the circuit by pressing a button on the 
face of the push. 

The best sort of bell wire to use for ordinary house 
wiring is a number 20 or 22 S.W.G. plaited twin, and 
insulated with paraffin waxed cotton. 

The wires should be coloured differently. 
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When stapling such a wire, always insert one leg of the 
staple between the wires. If the two wires are placed 
between the legs of staple, and the latter is driven home 
too far, it usually penetrates the insulation, causing a short 
circuit and a great deal of time to be wasted in locating. 




CHAPTER IV 

INDUCTION 

The induced current forms a very prominent part in the 
theory of modern electrical apparatus. 

Magnetic Induction 

It is best understood by means of a few practical 
experiments. 

In Fig. 31, B is a hollow bobbin on which is wound 
cotton-covered copper wire. The inner and outer ends of 
the wire are connected respectively to the two binding 
screws. NS is a permanent magnet, G is a galvano- 
meter, or current detector, which is connected in series with 
the coil by means of wires about a yard long, so as not to 
be too near the coil, and cause the magnet to affect it. 

If now we plunge the magnet inside the coil north 
pole first, the galvanometer will be seen to deflect. When 
the needle comes to rest, withdraw the magnet rapidly ; 
this will cause it to be deflected in the opposite direction. 
It will now be apparent that a current of electricity is 
induced in the coil, due to the lines of force given out by 
the magnet cutting it. This is called an induced current. 

Repeat the experiment with the magnet south pole 
first ; the direction of current will be reversed in each case. 

If the magnet is moved about, either in or near the 
coil, the galvanometer will be affected. The same effect 
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will be observed if the magnet is stationary and the coil 
moved about. It must be remembered that it is only when 
there is a movement between the lines of force and the 
coil that we get an induced current. 



Fig. 31. 


Electromagnetic Induction 

Let the bar magnet now be replaced by a coil P 
(Fig. 32), with a core of soft iron. Connected in series 
with it, is a battery and simple key. Place P inside the 
coil B. 

If now the key be pressed a current will flow round the 
coil P, and will magnetise the iron core. The lines of force 
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which shoot out from the iron will, in their passage, cut the 
coil of wire B causing a current to be induced in it, which 
will be indicated by the galvanometer needle deflecting. If 
the current is kept flowing in the inside coil, the induced 
current will cease to flow and the needle come to rest, 
owing to there being no movement between the lines of 
force and coil. Now break the circuit at the key ; this will 
give another kick in the galvanometer in the opposite 
direction to that when the key was pressed, due to the 



iron being magnetised. The lines of force this time, 
being withdrawn, cut the coil B in the opposite direction to 
when they were shot out. 

If when the current in the coil P is once started its 
strength be either increased or decreased, each alteration 
will cause an alteration in the strength of the magnetic 
field, and any disturbance in the magnetic field will cause 
the wires of the coil B to be cut by the lines of force, thereby 
inducing a current in the latter 
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It will now be seen that when the current is started in 
n an induced current is obtained in one direction, and 

s, ° m the M ““ d cnrr “ » » opp°s”k 

The current in the coil B is therefore an alternating 
current ; that is, one that keeps changing its direction, and is 
induced in it if the circuit in P is made or broken, or if the 
current strength in P is altered as explained. 


Induction Coil 

Such an apparatus as shown in Fig o 2 is ra]Wl 
mduct'O, coii. I, consists of *0 coiIs , ictai “ 1 
called the primary coil, and consists of a few turns of Ini 
resistance (large gauge) copper wire wound round a oft Z 
com o„ts,de of this is the coil B, called the second^ Z 

whtch consists of a great many more turns of high res L«e 
(small gauge) copper wire. g resistance 

The function of the induction coil is to transform 
large current with a small pressure, into a s,mT a 
with a large pressure. This means that y " current 
of say 5 amperes, with a pressure of •> voL 3 CU1Tent 
to the primary coil the induced df "’*• ° tS ’ TOS a PP lled 

secondary coil might be S* “ g CUrrent ia the 

a pressure of thousands of volts ^ ‘ 6 °'° 02 ampere ’ with 

roo vote, as the ratio of dm windings is , B ^ 

The induction coi, plays a very prominent part in the 


INDUCTION 


43 


modern telephone, of which more will be said later. It 
also has many other applications, some of them being for 
X-ray work, wireless telegraphy, ignition purposes in motor 
cars and cycles, etc. The latter application being used by 
so many at the present time, I think a few words about 
a simple form of ignition will not be out of place here, and 
might benefit those who are interested. 

In a motor car or cycle the primary coil is joined in 
series with a two-cell battery, and a contact cam that is 



made to close the circuit by a rotating part of the engine, 
as in Fig. 33. 

The rotating cam causes a momentary contact to be 
made in the primary circuit, which, as previously explained, 
will give a momentary induced current in the secondary 
coil. One end of the secondary coil is connected by an 
insulated wire to the sparking plug, which screws into the 
back of the combustion chamber, the other end of the 
secondary is usually common to one end of the primary 
coil, and this is, as shown in Fig. 33, connected to the battery, 
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then through a switch S, and earthed ; or, in other words, 
connected by a wire to the metal of engine under any 
convenient nut. Some primary circuits are earthed, as in 
F'g- 33- 

Circuit.— The shaft, with cam attachment, is caused to 
rotate by the engine, which makes it complete the primary 
circuit at point FG, when the piston has just completed its 
compression stroke. This momentary contact will allow a 
cuirent to flow from the battery, through the primary circuit, 
which will induce a momentary current in the secondary 
coil, leaving by HT, and flow to sparking plug, jump the 
air gap between the pins at end of plug to earth, through 
the switch S (which would be closed), and back to secondary 
coil at Tj. 3 

The spark in the secondary circuit takes place across 
the sparking plug, igniting the petrol vapour, which forces 
the engine piston out. 

The primary circuit is shown in thick lines, the 

secondary in thin, and that part common to both circuits 
dotted, 

A modern form of induction coil is shown in Fig 34 
It is fitted with an automatic make-and-break device, which 
acts like the armature of a trembling bell, and is usually 
called an interrupter. Its functions are to make and break 
he circuit, so as to obtain the induced alternating current 
in the secondary coil. This is caused by a piece of iron 
on th e interrupter being attracted by the end of the iron 
core which it is placed opposite to. 


Condenser 

the two^'rtfof T d T r Wm bS S6en C ° nneCted be ^en 
two parts of the interrupter that make and break the 
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circuit It consists of several sheets of tinfoil separated by 
sheets of paraffin wax or paraffined paper. Alternate strips 
of foil are connected together, so that they practically form 
two big sheets. A coil not fitted with a condenser will be 
seen to spark badly on the break of the circuit at the 
interrupter, which will in time fuze the platinum points. 
Another disadvantage is, that so long as the spark lasts 



some current must be passing, hence the current falls off 
gradually instead of sharply, this means a falling-off in the 
E.M.F. induced in the secondary, as this depends on the 
rate at which the lines of force disappear from the circuit. 
To prevent this, the condenser is connected as shown. 

Action of Condenser. — The current at break, instead 
of sparking across the contacts, rushes suddenly into the 
condenser and charges one set of plates with a positive 
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charge of statical or stationary electricity, the other plates 
having at the same time an equal negative charge. This, 
therefore, enables the primary current to stop quickly ; but 
it does more than this ; no sooner is the condenser charged 
than it discharges itself through the primary, sending a 
reverse current through it, and so further strengthening 
the E.M.F. induced in the secondary. 


Magneto Generator 

The magneto generator with polarised bell, is almost 
exclusively used for signalling purposes with modem tele- 
phones. It has the advantage of being self-contained, 
and more reliable than the bell operated by a battery, and 
will work through lines of high resistance, which would 
require a large battery if worked by a trembling bell. 

It consists of several permanent horseshoe magnets M, 
held together by pole pieces of iron P, P', which are fixed 
by screws, as shown in Fig. 35. This has the effect of con- 
centrating the lines of force across the pole pieces, making 
them act as a single magnet. Fitting between the pole 
pieces, with just sufficient space to allow it to revolve 
freely, is the armature, which consists of an iron shuttle, S, 
wound with many turns of thin copper wire, one end of the 
winding being connected, as in Fig. 35, to a pin, A, fixed 
to the metal of the shuttle, the other end is connected to 
a pin which passes into the shuttle through an ebonite tube 
until it reaches another pin, B, which is also insulated from 
the metal of the shuttle. This means that one end of the 
coil is common to the metal, and the other is insulated 
from it On the other end of the spindle is fixed a toothed 
pinion, which gears into a toothed wheel about five times 
its diameter, fixed to the spindle that carries the rotating 
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handle. When the handle rotates, the armature makes 
about five revolutions to one of the handle. 

Action. — It has already been explained that when a 
coil of wire cuts lines of force, a current will be induced 
in the coil. If the armature is caused to rotate by 
turning the handle of the generator, it will move in a 
powerful magnetic held, as it is between the poles of the 
magnets, causing a current to be induced in the armature 
coils. The relative direction in which the lines of force 
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pass through the coil is reversed with each half-revolution, 
and therefore a complete revolution of the armature will 
cause two currents to be induced, alternating in direction. 
This current is conveyed from the armature by a wire 
being connected to the metal of the generator at any 
convenient point, and a rubbing contact being made by 
a piece of metal with the insulated end of armature at the 
point O. In the figure the armature is shown to a larger 
scale than the magnet to make it clearer. 



This type of generator is always employed with a 
polarised bell (Fig. 29), and is usually connected in series 
with it, so that when the distant station is being called 
up the home bell will ring also. 

_ Automatic Cut-Out. — When the home station is 
being called up, the current passing round the bell coils 
would also go through the armature windings, and as the 
resistance of some armatures are wound to 500 ohms, this 
would greatly reduce the current through the bell coils. 
To prevent this, automatic cut-outs are fixed to some 
generators to short circuit the armature when the handle 
is not turned, and allow the current to pass through the 


Summary 

An induced current is one that is caused . by lines 
of force cutting a coil of wire. Sometimes the coil is 
stationary and the magnets are caused to move. An induction 
coil used in a telephone does not have an interrupter. ' 

The induced current in the secondary of an induction 
coil is alternating. When the circuit is completed in the 
primary, it flows in one direction, and when it is broken it 
flows m the opposite. ’ 

The iron core of an induction coil is usually made up 
of a bundle of iron wires. A core of this kind magnetises 
and demagnetises more readily than a solid core? It is 
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The platinum points of a coil interrupter require occa- 
sional attention. They get burnt away and require touching 
up lightly with a smooth file. Platinum is very expensive. 

An induced current in the secondary can only be 
obtained by making and breaking the primary circuit, or 
by varying the current strength in it. 

The greater the number of interruptions per second, 
the greater the induced E.M.F. Some large induction 
coils have separate interrupters that are driven by a small 
electric motor. 

A good induction coil for ordinary telephone work has 
the following dimensions : — 

Primary coil resistance 0*5 ohm, 180 turns of 24 mils, 
diameter (23 S.W.G.). Secondary wire, resistance 420 
ohms with 4200 turns of wire 6 mils, diameter. 

A mil is equal to a thousandth of an inch. 

A common form of telephone induction coil to be 
met with has a primary coil resistance of 1*5 ohm, and a 
secondary coil resistance of 25 ohms. 

An interrupter is sometimes called a vibrator. 

A small condenser is usually connected between the 
contact points of an interrupter. 

A condenser is not required with an induction coil 
without an interrupter, such as a telephone induction coil. 

A magneto generator used with a telephone generates 
from 50 to 70 volts, sometimes more. 

Magneto generators are used in most of the modern 
telephones. They generate an alternating current, and are 
used for ringing a polarised bell. 

A rough test for a magneto generator, is to place one 
finger on metal of generator and another on the insulated 
point of the armature; on turning the handle of the 
generator a slight shock should be felt, if correct. 
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Having perused the foregoing chapters* the reader^ will 
find himself in a position to understand the working of a 
telephone. 


Bell Telephone 

The credit for the invention of the telephone is generally 
given to Professor Bell. Fig. 36 shows a section of a Bell 
telephone. It consists of a permanent magnet, NS, having 
fixed to N a pole piece of soft iron, around which is wound 


a coil of wire, C, the ends of the coil being brought to the 
two terminals, T, T x . Opposite to the soft iron pole piece 
is placed an iron disc, D, held in position by the case, so 
as to be just clear of the pole piece. 
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Action. — This instrument was used to speak into, and 
to hear with ; that is, it was a transmitter and receiver com- 
bined. Let us consider two of these instruments connected 
up, as in Fig. 37, by means of a line and return wire. 

If a person at A speaks into his telephone, the sound 
waves given off by the voice will impinge upon the disc, 
and cause it to vibrate. The vibrations of the disc will cause 
a disturbance in the lines of force given out by the iron 
pole piece ; this disturbance in the magnetic field will give 
rise to an induced current in the coil C, as the lines of 


LINE 



Fig. 37. 


force continually being altered will cut this coil The 
induced current is alternating, being in one direction when 
the disc moves backward, and in the opposite when it 
moves forward. It is conveyed by the line wire to the 
distant telephone B, passing round the coil C at that 
end, and back by the earth. This current either increases 
or decreases the strength of the magnetic field of the pole 
piece at B, according to its direction, which means that 
the disc at this end is pulled by a variable force, causing 
it to vibrate and give off air waves, which are converted 
into sounds by the ear of the listener. 
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The vibrations of the disc at B can be said to copy 
those at A, which are caused by speaking to the disc. 


Hughes’ Microphone 

An improvement on the above was made by the intro- 
duction of a separate transmitting instrument and battery 

into the circuit, using 
the Bell telephone as a 
receiver only, as r in 

Fig. 38. 

This transmitter, or 
microphone as it is 
usually called, consisted 
of a carbon pencil 
loosely held between 
two carbon supports, the 
whole being mounted 
on a thin deal sound- 
ing board, and joined 
in series with a battery 
and Bell receiver. 



Fig. 38* 


Action.— On talking to the sounding board, the sound 
waves acting on it, cause the loosely held carbon to vibrate 
in its supports, this upsets the steady current that would 
otherwise be flowing round the circuit, as the carbon sets 
up a variable resistance, causing a variable current . to 
flow through the receiver. This variable current passing 
round the receiver coil, will result in a variable magnetic 
field, which will cause the disc to vibrate, these vibrations 
being converted into sounds by the ear of the listener. 

The power of the telephone was further augmented, 
especially when used over long distances, by Edison, who 
introduced the induction coil into the circuit. 
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The microphone and battery were connected in series 
with the primary of the induction coil, and the line wires, 



or line and earth, were joined in series with the secondary 
coil and receiver at each end, as shown in Fig, 39. 

Action. — On talking into the microphone at station A, 
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the carbon vibrates, causing a variable resistance in the 
circuit, which gives rise to a variable current. As the 
current passes through the primary of induction coil, which 
has a core of iron, a variable magnetic field is given out by 
it, which will cut the secondary coil, inducing a current in it. 

This induced current is alternating, and, as there are 
more turns in the secondary than in the primary, as ex- 
plained on p. 42, it is a small current of high voltage, or 
potential, and leaves the coil say at D, goes by the line 
wire to the far station B, through the secondary coil and 
receiver, returning by earth through the home receiver, and 
back to where it started from. The alternating induced 
current passing through the receiver coil at B, sets the disc 
vibrating ; these vibrations are converted into sounds by the 
ear of the listener. A similar action takes place when the 
microphone at B is spoken to. 

It will be seen that the microphone, or primary circuit, 
as it is usually called, is a local circuit; the secondary circuit 
is common to both ends, through the line wires. 

The circuits as explained above, represent the speaking 
circuits of a modem telephone, with the exception that a 
wire is sometimes employed as a return, and not the earth. 

An advantage of the induction coil in a telephone is, 
that the induced secondary current, being of high voltage, 
will urge the small current through a very large line resist- 
ance to the distant station receiver, and as a receiver only 
requires a very small current to actuate its disc, this current 
is large enough to answer the purpose, hence the intro- 
duction of long-distance telephony. Also the percentage 
variation increases when a coil with low resistance primary 
is used. -v ■ 

Before proceeding further with the telephone, it will be 
advisable to investigate some of the modern microphones 
and receivers. 
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Microphones 

Microphones can be divided into two classes, viz. 
(i) the Pencil Carbon and (2) the Granulated Carbon. 

Pencil Microphone. — There are many types of pencil 
microphones to be met with, such as the Hughes, Gower, 
Ader, etc. 

A very common form is the Ader. This is shown in 
Fig. 40, and consists of three carbon supports, B, between 
which are loosely held twelve carbon pencils, C. By 



increasing the number of pencils, and joining them up in 
parallel in this way, the resistance is reduced and disagree- 
able sounds due to jars are lessened. 

The carbon pencils are usually mounted on a thin pine 
sounding board, A. 

The microphone in Fig. 40 is shown connected up to 
a two-cell battery and primary P, P', of an induction coil 
S, S', are the ends of the secondary coil This type of 
microphone has been extensively used in France. 

Granulated Carbon Microphone.— -These are the 
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most powerful type of transmitter, and their introduction 
has added greatly to the success of long-distance telephony. 

The Solid Back.— This type of microphone was 
invented by a Mr. A. C. White, of America, and is considered 
very successful, being extensively used with some of the 
present-day telephones for desk use and those fixed to 
the wall 

It is shown in section in Fig. 41, and consists of a brass 
cell, A, with a screw cover, B, which clamps a small flexible 



mica disc, C, on the face of which is fixed a thin carbon 
plate, D, which is a little smaller than the inside of the 
brass cell. Opposite to this is fixed another carbon plate, E. 
The brass cell is rigidly fixed to the bridge piece F by a 
screw. The mica disc is clamped by a screw to a large 
aluminium disc, G, fitted with indiarubber round its edges, 
and held in position by two flat steel springs (not shown), 
which are fastened to the casing. The space between the 
carbon plates D, E is filled with granulated carbon. 
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This type of microphone is said to be free from “ pack- 
ing/' that is, the gradual settling down and consolidating 
of the carbon granules, making it act as an ordinary solid 
carbon conductor, instead of the loose contact upon 
which its sensitiveness depends. It is usually fixed to a 
moving arm for adjusting to the height of the operator. 
Its resistance is from 20 to 60 ohms. 

The Ericsson. — This is considered to be a very 
successful microphone, and is extensively used in the 
service. It is usually fixed to a combined hand micro- 
receiver, as in Fig. 42. A description of the receiver 
portion will be given later. There are several forms to be 
met with, but Fig. 42 gives a sectional view of the latest. 
A and B comprise the aluminium case, which is made in 
two parts ; passing into the back of the case A is a small 
steel bolt, C, the head of which has screwed into it the brass 
screw D, which holds in position a carbon block, E, that 
is recessed for the reception of the screw. The front face 
of this block has several holes drilled in it, into which tufts 
of felt, F, are fitted. When in position these tufts press 
against a carbon disc, G. A sleeve of soft felt, H, is fitted 
around the edge of the carbon block, and is made to press 
against the carbon disc by the heads of six bronze springs, I, 
which are all joined together at the centre, as shown in 
Fig. 42, which shows an end elevation of the carbon block. 
This spring fits into six recesses in the carbon block, which 
allows it to w r ork freely* 

The carbon block and springs are insulated from the 
frame A by the celluloid washers J, and the steel bolt C by 
an ebonite washer, K, at one end, and a leather washer, L, at 
the other. Rings of blotting paper, M, are used to clamp 
the carbon disc ; they also hold in position a piece of oiled 
silk, N, which prevents moisture of the breath reaching 
the carbon disc. About five grains of granulated carbon 
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A Aluminium case 
B Aluminium case 
C Steel bolt 
D Brass screw 
E Carbon block 
F Felt tufts 
G Carbon disc 
// Felt sleeve 
/ Bronze star springs 


/ Celluloid washers : : 
■■ JC; Ebonite washer 
L Leather washer 
ilf Paper rings;' ■■ 
./■^'Otiedvrilk 
O . . Contact for wire : . 
PP* Primary Wires _ , 

Q Pressel switch pivot 
R K 1 Receiver wires ■■A; 


S Pressel switch 
T Metal strip 
U Metal frame 

V Celluloid mouthpiece 
W Wire gauze 

X Sleeve nut 

Y Metal washer 

■ Z ■ Spiral spring ' 
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are held In the recess between the back of the disc and the 
face of the carbon block. 

The normal resistance of this microphone is about 
ioo ohms, and when working varies between 50 and 
160 ohms. 

It will be seen that there are four wires coming from it, 
two, R, R', are from the receiver, which would be connected 
to the secondary circuit of the telephone, and two, P, P, 
from the microphone to the primary circuit. The wire P is 
connected to the steel bolt at O, and P to the pivot Q of 
a pressel switch, S; this switch has a strip of metal, T, 
extending throughout its length. U is the metal frame- 
work. 

Circuit. — The microphone would be joined in series 
with a two-cell battery, and the primary of Induction coil ; 
therefore the current would enter by, let us say, P', and 
flow through C, D, E, G to the metal frame; the pressel 
switch S being pressed, it gets to T, Q, the wire P, and 
back through the other part of the primary circuit. 

From this it will be seen that if a microphone has a 
pressel switch, it must always be pressed when speaking 
into it. 

The microphone is shown enlarged for clearness. 

Action. — When a current Is passing through the micro- 
phone, if the mouthpiece Is spoken into, the sound waves of 
the voice striking the carbon disc will cause it to vibrate, 
this will disturb the carbon granules, causing a variable 
resistance to be set up, which will vary the current in the 
circuit and give an induced current in the secondary coil, 
as was explained when talking to the pencil microphone 
on p. 54- 

This type of microphone is very sensitive, hence its use 
with the majority of modern telephones. 

The Hand Micro-telephone is very extensively used in 
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this country. It allows the user to adopt any convenient 
position, and as the primary circuit passes through the 
pressel switch, which is automatically broken as soon as 
it is released, this circuit* is independent of the automatic 
switch hook or cradle. They are usually constructed of 
ebonite and aluminium, and are therefore very little heavier 
than an ordinary receiver. 

Some of these microphones have carbon shot instead of 
granulated carbon. This type has recently been introduced 
into the service. 

There is a similar form of Ericsson transmitter to this 
to be met with, but it differs in having an iron disc instead 
of carbon, and the inner face of the disc is fitted with a 
small metal dish, which has a number of indentations that 
-project into the carbon granules when in position, making a 
good contact and preventing £C packing.” 

Capsule Microphone. — The latest microphone to be 
met with is the capsule type. It is shown in Fig. 43. The 
advantage of this type is, that if it becomes defective, it is 
only necessary to replace the inner portion G, or capsule, 
by another. 

These microphones are not only fitted to the hand- 
telephone sets, but are also fitted into detached microphone 
cases. The type shown consists of a metal case A, B, in two 
parts, the front portion A screwing into B, as shown. Inside 
the case is the capsule C, which has fixed at one end a 
metal contact, D, insulated from the case by insulation E. 
The metal contact has screwed into it a screw, F, the other 
end of which passes into a slot in the carbon block G, and 
screwing on to this end is a brass nut, H, which holds the 
carbon block in position. Granulated carbon is kept in 
position in front of the carbon block by a wrapping of 
flannel, I, and the carbon disc J ; the latter being secured by 
the metal case of capsule being spun over it, as shown. 
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Wire gauze, K, is placed in the front of this, to prevent 
damage to the carbon disc, also a hinged cover, L, which 
should be opened when in use. Contact is made with the 
capsule by the contact point M, which is pressed forward 



AB Metal case 
Capsule case 
D Metal contact 
E Insulation 
F Screw : 

; G Carbon block 
H Brass nut 


I Flannel 
J Carbon disc 
K Wire gauze 
L Cover 
M Contact point 
N Spiral spring 
O Threaded bolt 


PP Nuts 
Q Metal ring 
R Insulating washer 
SS r Microphone wires 
T Sleeve nut 
U Metal frame 
V Metal washer 


Fig. 43. 


by the spiral spring N, that fits into a recess in the end of 
a threaded bolt, O. The contact point M is held in position 
by the two nuts P, F. Q is a metal ring to which one of the 
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primary wires, S, is connected, the other wire, S', going to 
the pivot of pressel switch. 

Circuit.— The current from the primary circuit will, let 
us say, enter by S, and pass through Q, O, M, D,. F, G, 
through the granulated carbon to J, then to the metal 
casing which extends up to the pressel switch ; the latter being 
pressed, the current will pass up the switch to the pivot, 
where the wire S' is connected, and back through the 
remaining part of the circuit. 

The two wires that go to the receiver are not shown in 
figure. 

Some of these microphones have a thin disc of mica 
in front of the carbon disc to protect it. 


There are many types of receivers to be met with, and 
their principle of construction is a modification of the Bell 
receiver, previously described. 

Ader. — In this receiver A is a horseshoe permanent 
magnet, to the north and south poles of which are screwed 
L~shaped soft iron pole pieces B; these become magnetised, 
the poles to the top of the vertical limb ; over 
limb is slipped a bobbin of fine wire. The coils C are 
in series, and the ends brought to two terminals, 
found on the outside of the receiver. Opposite the 
ices a tinned iron disc, D, is placed and is kept from 
the pole pieces by a brass distance ring, E ; another 
distance ring, E', is placed on top of the disc. The 
F is of ebonite, and into this is fitted a soft iron 
its use being to concentrate the line of force 
out by the magnet poles to the centre of the disc, 
making the receiver more sensitive. It is a special feature 
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in the Ader receiver. This type of receiver is not used 
very much in England now (Fig. 44). 

Ring Magnet Receiver. — This type of receiver is 
very extensively used at the 
present day, and is nearly 
always found in the Hand 
Micro - telephone shown on 
p. 58. Fig. 45 shows this 
receiver, which consists of a 
compound flat steel ring mag- 
net, magnetised across one 
of its diameters, NS. The 
L-shaped iron pole pieces are 
screwed to the magnetised 
ring at these points, thus 
extending the polarity to the 
top of the vertical limbs. 

Bobbins of wire are slipped 
over these, as in the Ader 
type, and there is also an iron disc with a paper distance 
ring on each side of it. The uppermost ring is sometimes 





dispensed with, by having a ring formed in the ebonite 
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■This is an old form of receiver, 
and is still extensively used. 
It differs chiefly in the shape 
Q of the magnet, which is semi- 
x\ circular, as in Fig. 46. A 
\\ type resembling this, is^used 
\\ in the service in the Tele- 
phone Sets Portable D. ML 


\ \ / J Head Receivers.— 

These are ordinary ring 
magnet receivers, fitted into 
Fig. 46. aluminium cases for light- 

ness, with a spring, or a web 
band fitted to them to fit over the head. They are used 
to allow the operator to, have both hands free, the micro- 
phone in this case usually being fixed either to the body or 
a bracket. 

Loud-speaking Receivers. — These consist of a 
large double-pole receiver, which has fixed to it a magnifying 
trumpet ; their use being for communication between offices 
in the same building, so that messages can be given 
without using a call bell. 

Before concluding this chapter I should like to add a 
few words about the theory of the receiver for the benefit 
of those who are desirous of becoming more conversant. 

It has been proved by experiment that there is a 
relation between the strength of the magnet in the receiver 
and the size of the iron disc. 
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The relationship is as follows : — 

(a) For a receiver with a given magnetic field there 
is a thickness of disc which gives a maximum effect. 

(if) If the thickness of disc is known for a certain 
magnetic field, there is a certain diameter for the disc 
which gives the best result. The stronger the field the 
greater the diameter. 

(c) The best result is also obtained when the magnet 
and coils are arranged so that the greatest number of lines 
of force pass through the coil in a direction at right angles 
to the plane of the coil, and in which these vary most with 
any movement of the disc. 

Some receivers are fitted with an adjusting screw at 
the back, w 7 hich will allow the magnet to be pushed nearer 
the disc should the sounds be indistinct. 

The writer is invariably asked by students, why it is 
necessary to polarise the cores of receiver coils, or, in 
simple words, why is a permanent magnet required ? It is 
explained theoretically as follows : — 

The pull between the poles of the receiver and the iron 
disc varies as the square of the intensity of the magnetic 
force in the space between them. It will be seen, there- 
fore, to get the greatest vibration in the disc, the 
intensity of the pull must vary as much as possible. Let 
H represent the strength of the field due to permanent 
magnet, and k that due to one of the speaking waves, 
then the pull on the disc will vary between (H + /i)\ 
when the current enters the magnet coil in such a direc- 
tion as to further strengthen the field, and (H — h )‘ 2 when 
the current enters by the opposite end of coil, which weakens 
the field. 

The difference between these tw T o, amounts to 4I Ih } 
which will represent the difference in pull on the disc. 

If the permanent magnet was not there, the pull on 

; . ■■ F . 



disc would vary between o and h~, and as h is a very 
small quantity (being due to the weak current passing 
round the receiver coil) its square would also be very 
small ; in fact, very much less than 4H k t in which the 
large value H is included. 

From this it will be seen that the intensity of action of 
a receiver is proportional to the strength of the permanent 
magnet within certain limits ; therefore, it is important to 
see that the permanent magnet is kept up to strength. 

It must be understood that the vibrations set up by 
the receiver disc are caused by the variations in the strength 
of the magnetic field. As the polarised pole pieces in the 
receiver exhibit a north and south polarity, due to the per- 
manent magnet, this polarity will be increased in strength 
when the current passes through the coils in such a direction 
as to give it a similar polarity, and will be decreased in 
strength when the current enters by the other end of coil, 
which will try to reverse the polarity due to the permanent 
magnet. 


Lightning Protectors 

To prevent damage being done to the bell, armature 
of magneto generator, receiver and induction coil of a 
telephone, it is necessary to fit a telephone with a lightning 
protector or discharger, as all the above are wound with 
fine wire to a high resistance, and such coils are especially 
liable to damage by lightning. A lightning charge will, 
when the conditions of the circuit are favourable, spark 
across a comparatively great thickness of insulation, rather 
than pass through a large number of turns of wire. Most 
telephones are fitted with some form of discharger in which 
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a short spark gap, usually air, is arranged. If this is not 
done, and a line wire is struck by lightning, the charge is 
liable to spark across the insulation of the wire on the 
coils, and fuze the wire itself. 

A common form of protector is shown in Fig. 47, 
and consists of two metal plates with saw teeth, con- 
nected to the two line terminals; fixed close to, but not 
touching, is a third metal plate, which has fitted to it a 
terminal for connecting an earth wire to. The distance 
apart' of toothed and earth plates should not exceed the 
thickness of an ordinary receiver diaphragm (10 mils.), a 
piece of which can be kept and used as a gauge. 



Fig. 47. Fig. 47A. 


If the lightning should strike the line wire L, instead 
of entering the telephone it will pass to the strip A, 
jump the air gap, and earth itself through the earth 
connection E. 

Another form of protector that is largely used with 
indoor or stationary telephones, is shown in Fig. 47A, and 
consists of two circular metal plates, D, F, separated by a 
disc of mica, G, which is perforated with several small holes 
to provide an air gap. Each plate has a terminal fitted to 
it, D being connected to the line wire, and F to earth. 
Two of these would be required for a telephone, and are 
usually permanently fixed to them, as shown in Fig. 47 a. 
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Summary 

Carbon pencil microphones are not used to a great 
extent nowadays. 

The primary or microphone circuit is local, and in a 
portable telephone never has more than two cells. If more 
than two are used, the carbon in microphone gets heated, 
and the working of the telephone is not so good. 

If the receiver or hand-telephone rests on a switch hook 
or cradle, always replace it when conversation is finished. 

When using a hand-telephone with pressel switch, if 
you are waiting for an answer, always release the switch ; 
this saves the battery. 

Don’t forget to close pressel switch when talking, as 
this closes your microphone circuit; otherwise you will 
not be heard at the other end. 

Solid back transmitters are mostly used with stationary 
telephones. 

Granulated carbon transmitters are more sensitive than 
the pencil type. 

Packing is a term given to granular carbon transmitters, 
when the granules are found to cling together. Tapping 
the case of microphone will often put this right. 

Never open a granular carbon transmitter unless it is 
absolutely necessary. When doing so, open it carefully, 
and always have a sheet of paper underneath to catch the 

It would be advisable to have a sectional diagram when 
replacing the parts, to avoid making a mistake. A metal or 
an insulating washer put in the wrong place will upset the 
working of it. 

An ebonite washer is usually found at the pivot of a 
pressel switch ; when replacing it, be careful not to put it 
between the metal of switch and the wire. 

A granular microphone will work without an ebonite 
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mouthpiece, but it is better to have one, as it will practi- 
cally shield it from other sounds. 

If the case of a granular microphone is held together 
by screws, they should be kept tight; if loose, they will 
allow the granulated carbon to escape. 

Cases containing capsule microphones are usually 
threaded and in two parts, which screw together. 

The Bell receiver is still used with some telephones. 

Ader receivers are not often met with now. 

Always see that earpiece of a receiver is screwed home. 

Some receivers have only one ring, the other being 
formed in the ebonite earpiece. 

If the ring is removed from under the disc in the 
receiver the sounds will not be heard so distinctly. 

If the disc is removed the sounds will not be heard at 
all, although the circuit will not be broken. 

A receiver is always connected in the secondary circuit, 
and a microphone in the primary. 

Always remember that the primary circuit is local, and 
consists of a two-cell battery, microphone, and primary of 
induction coil in series, and the secondary circuit consists 
of your own secondary of induction coil and receiver, joined 
in series with the receiver and secondary at the distant 
station, by means of the lines wire. Some telephones have 
the magneto bell also in this circuit. As explained later, 
this does not affect the working of the secondary circuit. 

Receiver discs are always made of iron, sometimes they 
are coated with black enamel instead of being tinned ; this 
is only to prevent rusting. 

The ring magnet receiver is mostly to be met with in 
modern telephones. It is nearly always used in the Hand 
Micro-telephone. The magnet is usually compounded, that 
is, made up of a number of rings screwed together (for 
reason see p. 22). 
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An indiarubber ear-cushion is often fitted over a receiver 
to enable the sounds to be heard more distinctly. Being 
soft, it allows the ear to be buried in it and thus prevents 
external sounds from reaching it. 

The hand micro-telephone is known in the service as 
Telephones Hand. There are various types of these, some 
of which will be explained later. 

In a microphone, the space between carbon block and 
carbon disc should never be entirely filled with granulated 
carbon, or it will encourage 4 ‘packing/’ and make il less 
sensitive. 

Granulated carbon is sold for microphones. 

The lead of a blacklead pencil, ground up, is a good 
temporary substitute for carbon. 

Of the four wires that are connected to a hand-telephone, 
two go to the receiver, and the other two to the microphone. 
They are usually bound at their ends with different-coloured 
cotton. 

To identify the wires in a hand-telephone, the two that 
give sounds in the receiver when touched between the poles 
of a cell, will be the receiver wires. 

Ebonite is now made for receiver cases with canvas 
embedded in it, to render it practically unbreakable. 

The following list of prices of telephone accessories 
may be of interest to some : — 

Ring magnet receiver, 7 s. 6 d. 

Granulated carbon microphone, js. 

Hand micro-telephone, 21.?. 6 d . 

As supplied by J. McMillan Co., Glasgow . 

Microphone capsule, 2s. $d. each. 

Telephone induction coils for long-distance work, 2 s. 3^. 
each. 

As supplied by The International Electric Company , 
Redcross Street, London. 


CHAPTER VI 


PORTABLE AND FIELD TELEPHONE 
SETS 

Having in the early part of Chapter V. dealt with the 
speaking circuits of a telephone with induction coil, it will 
only be necessary to add to this a magneto generator and 
polarised bell, and thus form a complete telephone set. 
Fig. 48 represents the circuits of a telephone thus arranged. 



Fig. 48. 


In tracing the circuits of a telephone, one must always 
bear in mind, if the hand-telephone or a receiver hangs on 
a switch hook, the call circuits will be traced with the 
switch hook in the Down position, and the secondary circuit 
with it in the Up position. 
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The circuits in Fig. 48 are as follows : — 

Outgoing Call.— -Turn handle of generator, and current 
will leave by T, through home bell B, out by Lj to 
distant telephone, back by L to C, along metal of 
switch to Tj. 

Incoming Call.— In by, say, L x , through bell and 
generator, switch hook to C, and back by L. 

Primary Circuit. — Close pressei switch D. From 
positive of battery through microphone carbons M 
to D, P, and back to negative of battery. 

Secondary Circuit (Induced current).— From, say, 
bottom end of secondary coil S to receiver R, out 
by L to far station, back by L x to Q (the switch hook 
being Up) to top end of coil S. 


Portable C. Telephone 

Fig. 49 represents a telephone that is largely used in 
the service, and is known as “ Telephone Sets Portable C.” 

It consists of a box containing two dry cells, a magneto 
generator, polarised bell, induction coil, testing plug, and a 
“ Hand Telephone C.” The cells are joined in series (as 
shown in Fig. 49A), and fit one in each corner at the back 
of the box. The Hand Telephone C. fits on a rest when 
not in use. It differs from the one shown on p. 58 by the 
pressei switch having an up and down contact, that is, 
it makes a contact in the released as well as the pressed 
position, thus doing away with a special switch for the bell 
or call circuit, as this circuit passes through the switch when 
it is in the up or released position as explained, in circuit 
diagram, Fig. 49A. 

The generator handle and testing plug are carried, when 
not in use, by holders in the lid. The telephone is also 


3 



provided with three terminals, two for the line wires and 
one for an earth connection. Between the line terminals 
is fitted a common form of lightning discharger (explained 
on p. 67). 


There are usually four distinct circuits in a telephone— 

(1) Outgoing call, 

(2) Incoming call or reply, 

( 2 ) Primary circuit ) ~ , . . 

) J ! „ / . t Speaking circuits. 

(4) Secondary circuit J 

It will be readily understood that the object of the 
generator, is to send the current to the distant telephone to 
ring its bell, therefore, when the home bell is being rung, it 
is not necessary for the incoming current to pass around 



the armature coils of generator. To prevent this, a cut out 
is used, which short circuits the armature. It consists of a 
piece of clock spring, I, connected at one end to the metal 


Merai 


Generated 


SOOW 


Fig. 49 a. 

of armature, and having fixed to it at the other end a metal 
weight, H, which, when at rest, touches a stud connected to 
the pin A. When a current entering the armature from 
the brush B gets to A, instead of going through the coils, it 
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goes to the metal weight H, to the clock spring I, and from 
ft to the metal of generator, leaving this at G, and back by 

the other line wire, . . 

When the armature is rotated, the short-circuit device is 

broken, as the rotary motion of the armature causes the 
clock spring to fly out, and the weight H to leave the stud. 
The circuits can be traced on the diagram as follows 

(1) Outgoing Call. — From A to B, bell coils, C, Q, 

W x D, E, F, 4, L, to the distant telephone bell, and 
' back to Lu to other end of generator G. (Ihe 

home bell should also ring in this case.) 

( 2 ) Incoming Call. — In by, say, L to 4, F, E, D, 1, 

Q, C, bell coils, B, A, H, I ; through metal of 
generator to G, Li, and back by the other line wire 
or earth return. 

(3) Primary Circuit. — From positive of battery to K, 

through microphone to J. The pressel switch being 
pressed, to D, x, Q, C, primary coil P, Z to negative. 

(4) Secondary Circuit— The induced current caused 

by talking into the microphone will leave the 
secondary coil, say at Q, to C, bell coils, B, A, 
H, I, G, Lj to distant telephone receiver, back by 
L,' 4, F, through receiver coil to O, 3, back to 
secondary coil. 

Also trace circuits on key diagram. 

The centre terminal is used for connecting an earth wire to. 
When the telephone is used with a line and return wire, 
during stormy weather, if the wires be overhead ones, it 
would be advisable to connect a wire from the centre terminal 
to the earth. This will prevent damage being done to the 
instrument if they are struck by lightning, as the discharge 
would jump the air gap at discharger U, and earth itself.. 

If the earth terminal is used as a return, and the line 
wire is connected to L, the plug should be in right-hand hole. 
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For field work, using a wire laid on the ground and an 
earth return, it is usual to connect the line and earth wires 
directly to terminals L, Lj. 

Rough Tests— The rough tests for this instrument 
are as follows : — 

0) To TEST THE Bell Circuit.— Turn handle of 
generator with line wires disconnected ; bell should 
not ring. Insert plug between the two small brass 
strips U (or connect line terminals) and repeat ; the 
bell should now ring loudly. 

(b) To test Speaking Circuits. — Place receiver of 
telephone to ear, close pressel switch D, insert 
plug between brass strips U. On blowing into 
microphone, or making and breaking pressel 
switch, sounds should be heard in receiver. 


Receiver 



Tests in Detail. — If the bell fails to ring, it may be 
due to the pressel switch not making contact in the released 
position at the point E ; look to this. If it still fails, it may 
be due to a mechanical fault at the generator, such as the 
rubbing contact at B not touching the armature, or the bell 
armature may be out of adjustment. To put either of 
these mechanical faults right, it will be necessary to open 
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the centre partition of the instrument, by disconnecting the 
battery wires at Z and K, and then removing the holding- 
down screws. As the top is a neat fit, it will require 

careful handling. . 

If sounds are not heard in receiver when applying 
test (b), it will prove a fault in either the primary or 

secondary circuit, or perhaps both. _ . 

To test the primary circuit for continuity, connect a 
current detector (low resistance coil) in series with it at 
any* convenient point, say at battery; close pressel switch, 
when a deflection should be obtained in detector. If not, 
look carefully to the battery connections by removing the 
metal covers from the cell boxes, and then test each cell by 
connecting the detector (low resistance coil) between the 
positive and negative of each, when a hard-over deflec- 
tion should be obtained ; if not, the battery should be 
replaced by a new one. If the fault has not been detected, 
tap the microphone gently, as the carbons may have packed 
a little. If still undetected, trace out circuit carefully with 
a battery and detector in series, as explained on p. 93. 

To test secondary circuit, join a two-cell battery 
and detector (high resistance coil) in series with the line 
terminals, L, L, ; plug should not be inserted. When the 
pressel switch is pressed a deflection should be obtained in 
detector. A deflection is also obtained when this switch is 
released; the current in this case flows round the bell 
circuit. It is the deflection when the switch is pressed that 
is wanted. If this is not obtained, short circuit the terminals 
3 and 4 by a piece of wire or metal of any kind ; if a 
deflection is now obtained, it proves the fault is in receiver 
or leads. Repeat by short circuiting on terminals at back 
of receiver; if no deflection, it proves a break in receiver 
leads. If there is a deflection, it proves a break inside 
receiver. If a fault is still on, open the middle partition, 



and a double spring push. Fig. 51 represents the instrument 
removed from its leather case and fitted with a telescopic 
hand micro-receiver (known as “ Telephone Hand D 99 in 
the service) with four-way connecting cord, which terminates 
at one end with an ebonite plug fitted with three terminals. 
This plug fits into a recess in the side of the case as shown. 
A buzzer call is used instead of a generator and bell, as this 
has the advantage of overcoming a greater line resistance, 
and will, in fact, work through a broken line wire in contact 
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and trace out circuit carefully, as explained on p. 93, 
with the aid of a circuit diagram. 

The Ericsson Field Telephone, or, as it is known 
in the service, “ Telephone Sets Portable D. Mk. I.” 

This is an extremely useful telephone for field work, and 
consists of a red vulcanite case, containing an induction coil, 
vibrator magnet, a two-cell dry battery, two small condensers, 
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with the earth throughout. It can also be used as a tele- 
graph instrument to send the message by the Morse code if 
speech is not clear. There are three line terminals, which 
are marked DL, CL, and E. For ordinary work, with a 
line wire and earth return, the line should be connected to 
DL, and the earth connection to E. 

The Buzzer. — Before tracing the circuits of this 
telephone, it will be advisable to understand the action and 
use of the buzzer. 


unk 



Externa! Connections—-- 
Fig. 52. 


The attention of the distant station is called by hearing 
a buzzing sound in their receiver. This is due to the 
push of the home instrument being pressed, causing a 
current to pass round the buzzer coils C, C, as will be seen 
on tracing the call circuit, Fig. 52. 

The action of the buzzer is similar to that of an electric 
trembling bell, only that the armature, being very thin, will 
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therefore give a buzzing sound when it vibrates. In the 
Ericsson and Portable D. telephones, the buzzer coil is in 
series with the primary of the induction coil, so that the 
armature vibrating will momentarily break the circuit, 
causing the iron core inside primary coil to be magnetised 
and demagnetised, inducing a current in the secondary coil, 
which reproduces in the far receiver the buzzing noise. 

A small condenser, 0 2 , is joined between the adjusting 

■ - Key Diagram 


Receiver 


Secondary 


I I ‘‘condenser J 

Fig. 53. 

screw and the armature, chiefly to prevent sparking between 
these two contacts. 

The seven terminals shown in Fig. 52 are connected to 
seven metallic connections on the seven-point ebonite plug, 
which is connected to the hand-telephone cord. When 
this is in position, the two terminals R are connected to 
the receiver, and the two marked M to the microphone, 
the other three being in contact with three terminals on the 
ebonite plug, and are used for connecting the line and 
earth wires to. 

The circuits are as follows : — 

Line Connections. — Earth wire to E, and line wire 
to DL. 
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Outgoing Call* — Press push, and current will flow 
from positive of battery to K 3 , C, C, D, M, P, to 
negative. This will induce a current in S, starting 
from F to K>, DL, out by line to distant telephone 
receiver, and back by earlh to E, G. 

Incoming Call. — In by DL, to K s , R, receiver coils, 
F, S, G, E, and back by earth. 

Primary Circuit. — Close pressel switch B from positive 
of battery to K 4 , M, B, through carbons to P, and back 
* to negative. 

Secondary Circuit. — Induced current (caused by talk- 
ing to microphone) starting from F, to R, through 
receiver coils to K 3 , DL, out by line, and returning by 
earth to E, to G. 

It will be seen that the outgoing call buzz does not 
pass through the home receiver, as the push, when pressed, 
breaks the circuit to it at K s . 

Also trace circuits on key diagram. 

Rough Tests 

(a) To test Outgoing Call Circuit. — Press push, 

and place the ear near the side of telephone case, 
when the buzzer should be heard. 

(b) To test Speaking Circuits. — Connect the line 

and earth terminals (short-circuit line terminals) by 
a piece of wire. Close pressel switch. On blowing 
into microphone, or making and breaking pressel 
switch, sounds should be heard in receiver. 

Tests in Detail 

(c) If the rough test (a) fails, remove cover of instru- 

ment, and press Key i. If the buzzer magnet 
still fails, look to the adjusting screw D, and 
see that it is just touching the armature. If you 
think it requires adjusting, remove small screw- 
driver from inside of lid, and adjust it by slowly 
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turning the adjusting screw in the required direc- 
tion, keeping Key i pressed all the time with the 
other hand. 

This requires a very fine adjustment, also patience. If 
still at fault, test battery by putting it on to the Q coil of a 
detector, which should indicate a hard-over deflection if 
correct If still undetected, trace out circuit carefully and 
look for a loose or broken connection. 

When discovered, test by joining terminals DL and E 
by a short piece of wire ; on pressing Key i a loud* buzz 
should be heard in your receiver. ‘ 

(d) If test (b) fails, test primary circuit by connecting 

the Q coil of detector in series with this circuit, 
say at A ; on closing pressel switch B a deflection 
should be obtained in detector ; if not, trace out 
circuit carefully and locate. 

(e) If test (b) still fails, join two cells and I coil of 

detector in series with terminals DL and E (connect 
up to DL, and only make and break the circuit 
by touching the wire on E), when a deflection 
should be obtained. If not, remove the wires 
that you have connected to DL and E and touch 
them on the terminals R on plug. This should 
give a deflection, as it sends a current up the 
receiver cord to receiver and back. If not, touch 
on terminals at the back of receiver; if this is 
faulty it will prove a break inside receiver. Open 
and put right. If it is not faulty, trace out the rest 
of circuit carefully with detector and battery. 

Tapping a Telegraph Wire 

As a condenser will not work with a direct current, 
and as telegraph instruments are worked by a direct, 
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or battery, current, if we place in series with a line terminal 
of our telephone a condenser, it will be possible to utilise 
a telegraph wire for sending messages by telephone. The 
direct current passing along the wire to the far telegraph 
instrument, will not enter the telephones, on account of 
the condensers acting as a break to such a current; but 
the two instruments will be able to carry out conversation, 
as a telephone is operated by an alternating current, 
which will in no way affect the telegraph instruments, 
or indicate in any way that their wire is being used. 



Telephone « »• 

Fig. 54, 

Fig. 54 represents a scheme of the above arrangement. 
T are the telephones, C the condensers (shown outside the 
instruments for clearness), and I the telegraph instruments, 
connected by a line wire and earth return. 

To use the instrument at present being described in 
this way, connect the line wire to terminal CL, and earth 
connections to terminal E. On tracing the incoming 
or outgoing buzzer, and speaking currents, it will be seen 
(Fig. 52) that instead of their leaving or entering by DL, 
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it will be by CL, and in doing so must pass into the con- 
denser in each case, and as these are alternating currents, 
they will pass through and round the rest of the circuit as 
before. 

Telephone Sets Portable D* Mk* IL 

This telephone is carried in a leather case, and consists of 
a red vulcanite case having a terminal at each end, one being 
for the line wire, and the other for the earth connection. 
It contains an induction coil, two-cell dry battery, a vibrator 
call magnet, two condensers, and a push for working the 
call circuit. The receiver and microphone are entirely 
separate, the former being carried in a leather case, and 
has a strap of webbing that fits over the top of the head, 
which is secured by a buckle, for holding the receiver 
securely to the ear when in use. The microphone is con- 
tained in a small aluminium case, which has a push button, 
and is of the capsule type. 

The small condenser 0 2 , Fig. 55, is connected between 
the adjusting screw and the iron of vibrator magnet, to 
prevent sparking between this screw and armature, when the 
latter vibrates. The condenser C r x is connected in series 
with the line terminal L, and is always in circuit, the object 
being to enable a telegraph wire to be tapped (see p. 82), 
and do away with a special connection for this purpose. 
The talking and buzzer currents, being alternating, will pass 
through the condenser. The action of the buzzer is similar 
to that explained on p. 80. The Push 1 is found in the 
cover, and can be worked when it is in the leather case, as 
a piece of soft leather is fixed in the top of the case, which 
enables it to be pressed. 

The receiver and microphone fit into separate leather 
pockets on the outside of the case. 
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enter both bobbins (in parallel) from metal of vibrator, 
uniting at G, through P, back to negative of battery. 
The armature vibrating will give a buzzing sound, 
and an induced current will be set up in the windings 
S of the secondary coil, due to the make and break 
of the circuit at the adjusting screw, as this current 
will pass through the primary P of the induction coil, 
and carry with it the buzz. The current induced in 
the secondary coil S will leave by, let us say, K, and 
flow to M, through O x to L, out to the far telephone 
receiver, and return by earth to E, N, receiver, Q, and 
isey marram 
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Fig. 56. 

back to the secondary coil S. The home receiver will 
also buzz. 

Incoming Call.— In by line L, Ct\, M, K, S, 0 , receiver 
coil, N, E, and return by earth. A buzz should be 
heard in receiver. 

Speaking Circuits.— Primary.— Press Push 2, and a 
current will leave positive of battery and flow to A. 
Microphone. — Push 2, H, J, through vibrator coils 
to G, P, to negative of battery. 

Secondary Circuit. — An induced current will be set 
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up in S, owing to a variable current passing through 
P, due to the microphone being spoken into. This 
induced current will flow from, say, K to M, O, L, 
line to the far telephone receiver, return by earth to 
E, N, receiver, O, back to the secondary coil S. 
Rough Tests 

(a) Call Circuit. — Raise the instrument in case to the 

ear ; press Push i, and the buzzer should be heard. 
Join line terminals L and E by a piece of wire. 

' On pressing Push i, a loud buzzing should be 
heard in receiver. 

(b) Speaking Circuits. — Press Push 2. On making and 

breaking Push 2, it should be heard in receiver. 

Apply also to Key diagram (Fig. 56). 

Tests in Detail. — If test {a) fails, remove cover of 
instrument and carefully inspect the adjusting screw of 
vibrator, to see that it is touching the armature. (This is 
the only mechanical fault likely to occur in this circuit.) It 
may require a little adjusting. If still out of order, test 
circuit for continuity by connecting a detector (low resistance 
coil) in series with this circuit at the battery. Press Push 1, 
when a deflection in detector should be seen; if not, test 
each cell separately by connecting them up to the detector 
(Q coil), when a hard-over deflection should be obtained, 
if in good condition. If the battery is not faulty, then there 
is a break in the circuit, which should be discovered by 
tracing. When discovered and put right, repeat (#). 

(c) If it still fails, join two cells in series with the L and 

E terminals, place the receiver to ear. On making 
and breaking the circuit, at say terminal L, a click 
should be heard in the receiver. (This is also test- 
ing the secondary circuit,) If not, touch the two 
wires from the two cells that you are using on to 
the terminals N and O, when the make and break 



should be heard in receiver, as this tests receiver 
and cord ; if not touch on receiver terminals. If 
now heard, it proves the receiver cord to be 
broken, if not, a disconnection inside receiver. 

. If the fault is not in receiver or cord, join a 
detector (I coil) in series with the two-cell battery 
that you are using and connect it to E and M, 
when a deflection should be obtained. If still at 
fault, trace out the remaining part of this circuit, 
with the aid of diagram, and locate thus — * 

(d) If test (b) fails, test the primary circuit by connecting 

a detector (Q coil) in series with this circuit at the 
battery, or any other convenient point; press Push 2, 
when a deflection should be obtained in detector. 
If not, see that the front of microphone case is 
screwed up tightly, and hold it in a vertical position 
while pressing push. Slightly tap microphone 
and repeat. If still at fault, trace out the circuit 
carefully and look for a break. 

(e) Secondary Circuit. — If test (c) has been applied 

and answers, this circuit must be correct, as it is 
common to both the outgoing part of call circuit 
and secondary. If it has not, and the fault is still 
on, apply it. 


Concerning Portable C. T elephones 

When calling up on the Portable C. telephone, always 
turn the handle rapidly ; if not, the armature may fail to give 
out its current. 

The quicker you turn the handle of a magneto generator, 
the higher the voltage generated. 

To identify the wires of a Handle Telephone C., when 
disconnected from the box, touch the wires between the 
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poles of a single cell, until you find two that will give you 
clicks in the receiver with the pressel switch either pressed or 
released. They will be Nos. 3 and 4 (mark them at random). 
One of the discovered wires and one of the undiscovered 
wires should give sounds in the receiver with the pressel 
switch Released only. The previously discovered wire will 
be No. 3, and the other No. 1. 

When using a Portable C. telephone with an earth return, 
if the line wire is connected to the left terminal and earth 
to middle terminal, the plug should be in right-hand hole of 
lightning protector. 

If the line wire is connected to the right terminal and 
earth as before, the plug should be in left-hand hole. If 
two line wires are used, connect one to left and one to right 
line terminal (plug should not be inserted) ; also connect an 
earth wire to middle terminal, if working with overhead 
wires in the field in stormy weather. 

The metal gongs of bell can be removed for cleaning by 
unscrewing the nuts on top. When replacing, be careful to 
tighten the nuts well. 

When replacing or inserting a new battery into the Port- 
able C. telephone, be careful to connect the centre terminal 
or positive pole of the cell to the terminal in box marked Iv, 
otherwise you may have your cells opposing each other. 

If the centre partition is removed at any time, two bell- 
mouthed tubes will be seen coming up from generator 
bearings. These are lubricators. 

The magnet pole pieces of some generators are copper 
coloured. They are iron, and are copper plated to prevent 
rusting. When removing any part of the telephone, be 
careful to note the procedure of taking to pieces, as this 
will facilitate the replacing of same. 

The two cells in the telephone can be used for carrying 
out the <£ Tests in Detail ” by disconnecting the wires from 



the cells that go to the Z and K terminals nearest the 
front of box, and connecting them to the circuit under test. 


Concerning Portable D. Telephones 


To adjust the buzzer armature, press the buzzer key, 
and with the aid of a small screwdriver very carefully 
and slowly turn the adjusting screw until the armature gives 
off a buzz. When doing this, be careful to watch «• the 
armature to see that it is not bending, as if the screw is 
turned too much it will cause this, and upset the working 
of it. The screw should only just touch the armature. 
When properly adjusted it should give off a highly pitched 
note. 

The adjusting of buzzer armature is a very careful opera- 
tion, and when once adjusted should not be interfered with. 

If the battery is nearly exhausted it will fail to w r ork the 
buzzer. A two-cell battery should indicate not less than 
two volts on a voltmeter to work a buzzer properly. 

The battery in the D. Mk. I. telephone consists of two 
cells joined in series inside the one casing, and therefore 
represents 3 volts. 

The battery in the D. Mk. II. telephone consists of two 
separate cells joined in series. 

Never allow the positive and negative wires of a cell or 
battery to touch each other. This considerably shortens 
the life of them. 

Never remove the condensers unless it is absolutely 
necessary, as the wire connections are very apt to break off 
short at the point where they are connected to the tinfoil, 
rendering it very difficult to repair. 

When removing screws, it is advisable to always place 
them on a sheet of paper, to prevent losing them. 
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Summary 

The microphone is that part of a telephone that is 
spoken into. 

Never use more than two cells for working the micro- 
phone circuit, otherwise you will heat the carbons, making 
them less sensitive. 

Dry cells are always used with portable telephones, and 
should last at least twelve months. 

A dry cell is of little use for telephone work when it 
indicates less than one volt. 

Always keep the terminals of a telephone clean and dry. 

Never press your finger or anything against the disc of 
a microphone ; being carbon, and very thin, it will easily 
break. 

When testing a circuit never touch the wire on the top 
of the terminal, as it is coated with lacquer, which is an 
insulator. Always touch the wire on the threaded bolt, or 
on the underneath part of terminal, where it grips the wire, 
as this part is not lacquered. 

When using a screwdriver to remove small screws, be 
careful not to let it slip, as, the screw being brass, the head 
is easily cut off. Always press fairly hard on the screw- 
driver when turning it, especially when starting a screw. 

A telephone induction coil is usually indicated thus — 

Primary 

5 % The iron core is not shown. 

Secondary \ 5 J 

The ends of the primary of an induction coil can be 
identified by being a little thicker than the ends of secondary. 
They should also come away near the middle of the coil, as 
the primary is the inside winding ; they are usually a different 
colour to the secondary. 
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A practical way of identifying them is to join first one 
pair of ends, and then the other, in series with the Q coil of 
a detector and a single cell. The two that give the greatest 
deflection will be the primary. 

The primary coil is always of a much lower resistance 
than the secondary. A common form of telephone induc- 
tion coil has a primary resistance of about 1*5 <0, and a 
secondary of about 25 ca. 

When receiving a message on a telephone, speech will 
he made clearer if you release your own pressel switch, as 
this does away with side tone in your own transmitter, 
caused by extraneous sounds reaching it. Don’t forget to 
press it when you reply. 

When using a Hand Micro-telephone, always hold it in a 
vertical position. If it is held on its back, you tend to 
break the circuit through it, by allowing the granulated 
carbon to fall back from the carbon disc. 

A telephone receiver is a good substitute for a detector 
when testing a circuit. It should be joined in series as the 
detector would be, and a click should be heard in receiver 
every time the circuit is made and broken, if the circuit is 
correct. 

A microphone can be made more sensitive sometimes 
by slightly tapping its case, as the granulated carbon some- 
times packs or clings together. Carbon shot microphones 
are not as liable to packing, and are coming to the front 
a lot just now. 

A carbon shot microphone only differs from a granulated 
carbon one, by having the granulated carbon replaced by 
carbon shot. 

If a capsule microphone has its carbon plate broken, it 
cannot be replaced, as the metal case that holds it in posi- 
tion is spun over it. The capsule can be removed by un- 
screwing the front of the case. A disc of mica and wire 
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gauze is sometimes placed in front of the carbon disc to 
protect it from injury. 

When connecting a wire to a terminal, always connect it 


with a right-hand hook, thus 


D C B A 

AAAAAAA aAA/WW\AAAAAAAAA 4 


Lp,n 


Fig. 57. 


If a left-hand hook is used, there is a tendency to 
force the wire out, when screwing up the terminal. 

To locate a fault in a circuit by means of a battery and 
detector in series, the test should be carried out as shown. 

Connect positive to one end of circuit A, as shown. 
When a contact is made 
at B a deflection will be 
obtained in detector, also 
at C. When D is touched 
there will be no deflection, 
proving the break to be 
between points C and D. 

The wire may be broken, 

and not the insulation ; this can be detected by bending 
the suspected part in the hand, when it will at once present 
itself. 

A convenient way of making contact with an insulated 
wire is to take a turn or two of the ware from the detector 
round an ordinary pin, then make contact by piercing the 
insulation with the pin point. This avoids cutting the 
insulation off the wire to be tested. 

A pocket voltmeter will answer the purpose of a detector 
for testing a circuit. 

When tracing a circuit, for the circuit to be complete, 
you must be able to get back to the starting-point. 

If speech is very indistinct on the telephone, or if you 
fail to make yourself heard, always resort to the buzzer, 
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and send the message by Morse. A message can usually 
be sent through a broken wire by this method. 

The Morse alphabet on the buzzer is denoted by a 
short buzz representing a dot, and a long buzz a dash. 

When talking into a telephone always talk slowly and 
distinctly, and in a moderate tone of voice, keeping your 
mouth about two or three inches from the microphone. 

A copy of the message in writing, should always if 
possible be kept at both the sending and receiving stations. 
This will enable the culprit to be traced, if the message 
delivered is incorrect. 

For testing a telephone battery, a pocket (watch type) 
voltmeter is of great value. Its scale should be graduated 
to at least three volts, then the two cells can be tested 
at once. If, when testing a two-cell battery, the reading 
is below two volts, test each cell again separately, perhaps 
only one of them is bad. 

This type of voltmeter can be purchased from Verity 
Ltd ., from about js, 6d. ; they are largely used by motorists. 


44 Medhurst ” Field Telephone 

This instrument is carried in a leather case, and consists 
of a small ebonite frame, which contains the induction coil, 
buzzer, microphone, condenser, and necessary switches. 

The microphone, f is of the capsule type, its case, //, 
being screwed to the outside of the ebonite frame. The 
induction coil is of rather novel design, as one end of its 
iron core has secured to it a piece of iron, which is bent 
and brought around the outside of the coil, close to the 
other end of the core, and which, when magnetised, will 
have a north and south pole side by side. This arrange- 
ment enables the primary of the induction coil to act, and 



take the place of a separate buzzer; an armature and 
adjusting screw being placed opposite the above-mentioned 
poles. . There is a two-way switch, k, which, in one 
position, connects the battery to the buzzer circuit, and in 
the other to the speaking, or primary, circuit (Figs. 58, 59). 

When signalling, the key / must be worked, and when 
speaking it must be pressed, and the switch k moved to 
speaking. 

The condenser is connected to the line terminal, for 
use « when tapping a telegraph circuit. It can be short 
circuited by a strip of metal, if necessary, as under some 
line conditions the condenser is better out of circuit. The 
battery, q y consists of two Obach dry cells, and is carried 
at one end of the leather case and covered with a leather 
flap. The line and earth terminals, L, E, are secured to 
the outside of leather case, and have connected to them, 
on the inside, two metal strips, /, that make rubbing 
contact with two similar strips fixed on the ebonite frame. 

This enables the telephone to be removed from its 
case without disconnecting the line wires. 

The switch /, when not pressed, short circuits the 
secondary of induction coil, causing the incoming call 
buzz to only pass round the receiver coils, which is an 
advantage. 

The receiver, when not in use, rests on the leather flap 
that covers the cells. 

Speaking from experience, excellent results have been 
obtained with this telephone. It was invented by Lieu- 
tenant Medhurst of the Australian Army, where it is greatly 
used. 

To use this telephone, it is not necessary to remove 
it from its case; all that is necessary is to open the lid, and 
speak into the case. 

Fig. 59 shows the telephone in its leather case, and 



E % .Earth terminal L, Line terminal t >, Ear cushion f Microphom 

gh, Capsule case k, 1 wo-way switch /, Key t > Receiver 

A Metal strip Battery' 
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Fig. 58 shows it removed from case, with microphone 
capsule removed, 1 

Weight of this telephone, complete in leather case, 4J lbs, 

I * It is made by the International Electric Company , 55, 

Re Across Street j London , E.C. Price, net, ^3 105. each. 

Field Work 

Earth Connections. — An earth connection should, if 
possible, always be made in damp soil. 

A pool of water or pond is an excellent earth connec- 
tion, if time and material will permit you to make use of it. 

The best earth connection one can obtain, is a water or 
gas pipe, as they run under the earth for a great distance. 

If the soil is very dry and a tree is handy, for preference 
use the tree by driving an earth rod or metal peg into it, as 
the sap will make a good connection. 

Before making a joint in a wire, always be sure and remove 
the covering for about one and a half inches, then join the 
bared ends and insulate, if time permits, with rubber tape. 

If transmission of speech at any time breaks down, or if 
it is not clear, immediately resort to the buzzer, and send 
1 1 ' ; the message by Morse code. 

If you fail to get a reply from the far station, imme- 

I diately apply the rough tests to your own telephone, to see 
if it is in working order. 

Always call up on the buzzer. 

j If you know the wire to be broken, and time does not 

! permit of your going in search of the fault, try and get 

through on the buzzer, as this will very often work through 
a broken wire. 

! Always be careful to close the pressel switch when 

v speaking into the microphone of a Portable C. and D. 

I 1 For circuit diagram, see p. no. 

H 

all ' :V : .\ 



Mk. I. telephone, and press the button in the microphone 
case when using the D. Mk. II. telephone. 

Cross Talk. — It is very difficult to prevent cross talk 
or signalling when using earth returns, and if not guarded 
against, might lead to some confusion. For instance, a 
brigade of artillery (three batteries) A, B, and C, are each 
equipped with a Portable D. telephone, and are in tele- 
phonic communication with their Brigade Commander, D, 
who is also using a Portable D. telephone. When D calls 
up A on the buzzer, B and C will also, although .some- 
what weaker than if connected directly to this circuit, 


hear the buzz in their receiver (due to induction), and 
might, unless a prearranged code is determined upon, 
think the order was meant for them. This could be 
obviated by allowing the letter A to represent that battery, 
likewise B and C theirs ; then, -when D wished to send a 
message to A, he would, first of all, send the code letter A, 
and continue to do so until the battery A responded by 
sending this letter. The other two batteries, hearing this, 
would ignore it, and all other messages, unless preceded by 
their own code letter. If the brigade commander, to save 
time, wished to send his message to his three battery com- 
manders, his telephone could send another code letter, 
which should be known by the battery telephonists to mean 
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that they are all to take the message, and, to let the telephonist 
at D know that they are ready, they should, immediately on 
hearing the signal, respond by sending their own code letter* 

I have mentioned a letter and not a word as the code 
signal, to decrease, as much as possible, the time wasted in 
sending messages through. 

The above is based on the . assumption that the brigade 
commander is equipped with one telephone, with a three- 
way ^exchange attached, enabling him to speak to each or 
all at will, as used in the German army. 

Using three separate telephones does not overcome this 
defect* 

Cross talk can be partially overcome by keeping the 
line wires a good distance apart. 

Crook sticks are used to place the wire on to trees, 
where they are available, to carry it across roads. If the 
wire cannot be hung clear of vehicles it should be buried in 
a shallow channel. 

To tap a field telephone wire, connect a telephone 
receiver between the wire and earth, when the conversation 
will be heard. 

Line Faults 

There are usually two kinds of line faults when using 
field telephone wire with earth return, namely, a break and 
a short circuit. Both can very often be found by sending 
out a man to examine it, who should let the wire pass 
through his hand on the way. If it cannot be located in 
this way, apply the following tests : — 

Break. — If you fail to hear the distant station, assum- 
ing that both telephones are in order, there is a break in 
the line somewhere. Connect the two-cell battery in your 
telephone directly between the line wire and earth, and 
proceed along the line with a detector, which should have 



one of its terminals connected to an earth pin, and the 
other to an ordinary pin. Put the earth pin in the ground, 
and pierce the insulation of the wire at different places along 
the line, noting roughly the deflections. On obtaining no 
deflection, you will know that the fault lies between your 
present position and the point at which you last got a 
deflection, such as A and B in Fig. 6x. 

By a system of “ bracketing ” you can arrive at the 
exact spot, or by pulling on the wire between the c two 


Fault 


points mentioned ; as the wire is broken the insulation 
will snap or stretch, and disclose the fault. 

Short Circuit. — In the case of a short circuit, which 
would usually be caused by a wheel passing over a wire, 
pressing it into the earth and removing the insulation, or 
perhaps cutting the wire in two (as shown in Fig. 62), and 
pressing boths ends. into the earth. 


m \ -C' ^ y ~v» ^ ’ v f ^ 

' Fault 

t Fig. 62. 

In this case the signals heard would be faint, especially 
if the ground is damp. The quickest way to locate this 
fault is to send a man out to examine it, passing the wire 
through his hand on the way. If the insulation is stripped, 
as a temporary measure, support the wire with stones to 
keep the defective part off the ground. 



Joining a Wire.— To make a simple twist joint in a 
telephone wire, the insulation should be carefully cut off 
for about one inch and a half, and the wires scraped clean 
with a penknife or piece of emery cloth. Separate the wires 
if they are twisted together, and lay them side by side, then 
hold the ends at an angle to each other, and twist them by 
half turns, each end in succession, around each other four 

si e s ^ e «choto he cr 

fully insulate it with a couple fig. 63. 

of layers of indiarubber tape. 

Fig. 63 represents a single wire joined in this way, but 
without the insulation. 

Wire 

Wire Gauge.— A cable or wire is usually designated 
by its standard wire gauge (S.W.G.) and the number of 
strands it contains. 

Example . — A wire designated thus, 3/26, means that it 
is made up of three wires, the S.W.G. of each being 26. 

The Mil.— Another way of comparing wires is by their 
diameter in mils., a mil. being equal to a thousandth of 
an inch. This is done by means of a gauge, which 
is graduated in thousandths of an inch. It is worked 
by means of a fine screw, and can easily measure to half a 

mil. This is a service store. 

To find the S.W.G. of a wire, a gauge plate is used, 
which has a number of slots around its edge, with the gauge 
of the slot stamped near it. 

If a wire is to be gauged, take one of the strands and 
find the smallest slot that the wire will enter without force. 
This will be the gauge of that particular wire. Some wires 
are made up of a number of strands of different gauge. In 
this case, each wire should be gauged separately. 
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Field telephone wire usually consists of several fine 
steel wires, varying in number from five to twelve, and 
insulated with specially prepared paper and cotton, steel 
wire being used for strength. 

Morse Alphabet 

A- — » N 





H - - - - TJ ” — 



The Parlyphone 


Domestic Telephone.— A cheap form of telephone 
has been introduced which enables any existing house 
electric bell circuit to be utilised as a telephone circuit, 
without upsetting the working of the former. There are 



two types of instruments : One for use in the kitchen, which 
would be fitted near the bell, and one for use in the drawing, 
dining, or any other room that you might require it in. 


The latter type consists of an ordinary telephone 
receiver and microphone in series, the two wires coming 
from it are connected to the two springs of the bell push at 
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points A and B (see Fig, 64). Secured to the bell push is 
a hook for hanging it on, when not in use. 

The kitchen type differs from the above by having a 
circular terminal block instead of a push, one of its 
terminals, C, having connected to it the metal hook that 
the telephone hangs on. It will also be noticed, on 
referring to the figure, that one of the receiver terminals is 
insulated from the case, and the other is common to it. 

Circuit. — To call the kitchen, press push and the 
current will flow from positive of battery to A, B, G-as 
telephone is on hook, it gets from the hook to D, E— bell, 
to negative of battery. This rings bell. 

To converse, remove telephone from hook, close pressel 
switch G, and a current will flow from positive of battery to 
A, F, through micro-carbons to G, H, receiver coils, J, B, 
C, through micro-carbons to K, receiver coils, E, bell coils 
(the current is now not strong enough to ring it), to negative 
of battery. 

Action. — By talking into the microphone, the sound 
waves of the voice will cause the granulated carbons to 
vibrate, causing them to vary their contact with each other. 
This will vary the current in the circuit, and as it is a series 
circuit, will cause the magnetic field in the' receiver to 
vary, which will vary its pull on the iron disc, causing it to 
vibrate. These vibrations are converted into sounds by the 
ear of the listener. 

When conversation is finished, replace telephone on the 
hook. 

The act of removing the kitchen telephone from its 
hook makes the current pass through its microphone and 
receiver ; replacing it, short circuits microphone and receiver, 
as the current can get from C to hook, suspension ring to D, 

and away, 

If the telephone is not on the hook at the kitchen end, 


* 



Dining-room type, including push, list price, 
from 

Kitchen type ... 

Pushes ... ••• . 
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the bell will not ring, there being too much resistance in 
the circuit. It doesn’t matter at the bell-push end, as the 
hook plays no part in the circuit, the current being made to 
go through the telephone at this end by pressing switch D. 
This should be released if you wish to ring the bell. 

The two w'ires coming from the telephone of a drawing- 
or dining-room set, usually terminate in a two-pin plug,, and 
all that is necessary to connect this to the bell push, is to 
insert it into a socket provided for it in the push. . 

To instal a Parlyphone Set to an existing bell 
circuit, disconnect the wire going to bell at L (Fig. 64), 
connect this to terminal C, connect a fresh piece of wire 

from E to L. , 

To connect dining-room push, disconnect .the two 

wires inside old push, and remove it. Take new push and 
connect the wires previously disconnected to points A and B. 

It is immaterial whether a house is wired with an 
indicator or not, as the indicator will work just the same. 

All the bell pushes in a house can be fitted with the 

dining-room type. . , , ,, 

A good method to adopt is to let one ring of the bell 
represent “I want you,” and two rings “Use the telephone.” 

It is advisable to wait a few seconds after you have rung 
the bell before commencing conversation, to give the bell 
armature time to stop vibrating, or else you will hear it in 
your receiver, causing speech to be indistinct. If speech is 
indistinct at any time, slightly tap microphone. 

Parlyphones can be obtained from Verity , Ltd . , King 
Street , Covent Garden^ W.C . : — 
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SELF-INDUCTION— INDUCTIVE 
CAPACITY, ETC. 

Induction 

When a current is started in a wire, circular lines of magnetic 
force (referred to on p. 26) are given out by the wire, whether 
it is insulated or not, and spread out through the air like sound 
waves, or the waves on the surface of water caused by dropping 
a stone into it, but at a very much greater velocity. 

These circular magnetic lines of force will induce in the 
wire itself an E.M.F. in the opposite direction to the current 
causing it, tending to retard its flow. Should these lines of 
force encounter any other wire, they will also induce in it an 
E.M.F. to produce a current. On the stopping or weakening 
of the main or battery current, the lines of force will reverse 
their direction, as they will converge on the wire, causing an 
induced E.M.F. to he set up in the wire or wires, in the 
opposite direction to the first induced E.M.F. ; its direction 
therefore is, in the case of the ware carrying the battery 
current, such, as to carry on the current after the circuit is 
broken. 

From the above, it will be necessary to remember, that the 
induced current set up in the wire when the circuit is made, 
tends to impede the current causing it, and when the circuit is 
broken or the current decreased, tends to keep it flowing, and 
is termed u self-induction, w The current induced in any other 
wires by the lines of force will be due to 4£ induction.” 

If, instead of a straight wire, we consider it to be coiled into 


APPENDIX 


10 ' 



a number of turns, this will greatly increase the self-induction, 
as the magnetic field of any one turn, will act upon every other 
tu m in the coil. The self-induction can be further increased 
by winding the wire round soft iron, making an electro-magnet 
of it. This can be made evident by the vivid spark that is 
obtained, when a circuit containing an electro-magnet is broken. 
An electro-magnet therefore possesses inductance to a high 
decree, and will therefore offer great obstruction or impedance 
to rapidly varying or alternating currents, such as those given 
out and caused by talking into a telephone. 

The unit of inductance is called the Henry, and is the 
inductive effect caused, when the inducing current varies at the 
rate of i ampere per second, producing an E.M.F. of i volt. 
It is represented by the symbol “ L.” 


Inductive Capacity 

The statical inductive effects between wires vary according 
to the insulation between them ; from this it will be seen that 
the quality of the insulation which determines the intensity of 
statical induction between the wires, is termed its “ inductive 
capacity ” The inductive capacity of dry air is less than any 
other insulator, and is usually taken as unity. 

The inductive capacity of Resin is . * * 1 7 

jr Manilla paper . r 8 to 2*5 

„ Paraffin paper . .2*0 

n Raw indiarubber . . 2*o 

” 5 ?j „ Ebonite . . . • *2-3 

Vulcanised indiarubber 2*5 
„ Guttapercha. . • 2*5 

” „ Glass . • 3'° 

” | „ Mica . . • • 5‘° 

These values have to be carefully considered in the manu- 
facture of telephone cables, and an insulation chosen which 
has the smallest inductive capacity, yet suitable for the case. 
Qtatiral Induction is very detrimental to telephone currents. 
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An example of this, is the large quantity of telephone cable 
now made which has the wires enclosed in loose paper tubes, 
depending principally for its insulation on the dry air between 
it' and the paper tube. 

Statical Capacity 

When a current flows through a wire, it charges every part 
of the surface of it with a statical or stationary charge of 
electricity. This charge depends upon the surface area of the 
wire, how close it is to other wires, and the specific inductive 
capacity of the insulation intervening between the wires, and it 
has the effect of weakening the original current by abstracting 
from it, and also of weakening succeeding currents by opposing 
their growth. This is very detrimental on long lengths of 
cable, and it is on this account that speaking over more than 
a few miles of wire is not possible under ordinary conditions. 

The capacity effect is small on overhead lines, the wires 
being wide apart and separated by air, which has the least 
inductive capacity. 

The Condenser 

Theoretically, a condenser consists of two conducting sheets, 
or plates of metal placed near each other, the space between 
them being filled with an insulating 
material. In order to get large sheets 
in a limited space, it is usual to interleave 
smaller sheets and connect alternate ones 
together; they are prevented from touching 
by sheets of paraffined paper or mica. Con- 
densers used in telephones are made in 
this way, and consist of tinfoil sheets 
separated with paraffined paper. Fig. 65 
represents a condenser of this form. The 
sheets of tinfoil are placed with their points 
projecting alternately ; F are the even, 
and F' the odd numbers. They are joined together at the 
points where they project beyond the paper P. 




Action . — In order to understand thoroughly the action of 
a condenser, it is necessary to have a knowledge of statical 
electricity, so that I intend here to give a practical explanation 
of it, when used with a telephone. . . 

In some telephones a condenser is joined m series with one 
of the line terminals, L', as in Fig. 66, an advantage of this 
being, that it can be used for tapping or utilising a telegraph 
wire without in any way interfering with its signals, as the latter 
uses a direct, or battery current, which will not enter the 
telephone, as the condenser acts as a break to such a current. 

ft a small alternating current generator (such as that used in 
a telephone) be connected to the line terminal LL' of a telephone 
with condenser (Cr, Fig. 66), on turning the handle of the 


generator, a current will first enter Dy, say, i., ana cimrge me 
nlate P with a stationary charge of positive electricity ; P being 
in connection with the other terminal of the generator will have 
an equal but opposite, or negative charge, as shown. The next 
flow of current from the generator will enter by the terminal L, and 
charge the plate P' with a positive current ; but, before this can 
take place, the positive charge on P has to discharge itself, and 
in doing so, passes through the bell coils, ringing the bell ; when 
the current again enters by L', as P' now has a positive charge 
it will before P can be given a positive charge, have to discharge 
itself ’and again ring the bell ; so that as long as currents are 
altering their direction, they will also be passing to and fro 

from both condenser plates. . . . 

It will thus be seen that magneto-electric ringing currents 
mav be readily transmitted through a condenser. If, instead of 


no 
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a generator, another telephone be connected to LL', the speak- 
ing current, being alternating, will actuate the condenser in the 
same way and, as they will how through the receiver, speech 
will be heard. The more rapidly the current alternates, the 
more efficient is the condenser. 

In an ordinary telephone magneto-generator, the current 
alters its direction about 20 times per second. 

The alternations of a speech wave are about 800 per second. 

The unit -of statical electricity is named the “ farad,” and as 
this is too large for practical purposes, a sub-unit called the 
microfarad” is used, it being one-millionth part of a farad. 



Fig. 67.— Circuit diagram of Medhurst telephone (see p, 94). 
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Steam pumps— feed-water -consumption— injectors— Incrustation and Coero- 
sioh— Feedwater Heaters— Evaporators— Testing boilers— Evaporative per-' 

FOK'MANCES OF -STEAM BOILERS: STEAM-BOILER EXPLOSIONS, ETC. . 

“ There has long been room for a modern handbook on steam boilers ; there Is not that room 
-now,' because Mr. Hatton has- tilled it. It is a thoroughly practical book for those who -are occupied 
in' the construction, /design, selection,: or use of boilers. "-"Engineer. 


BOILERMAKER’S ASSISTANT. In Drawing, Templating, 
and Calculating: Boiler Work, &c. By j. Courtney, Practical Boilermaker, 
Edited by D. K. Clark, C.E. Seventh Edition. Crown Svo, cloth . 2/0 


BOILERMAKER’S READY RECKONER. With Examples 

of Practical Geometry and Templating for the Use of Platers, Smiths, 
and Riveters. By John Courtney, Edited by D. K. Clark, M. Inst. C.E. 

. Crown bvo, cloth . ... . . . . . 4/0 


BOILERMAKER’S READY RECKONER & ASSISTANT, 

being the two previous mentioned volumes bound together in one. volume. 

. With Examples of Practical Geometry, and Templating,. for the Use of Platers, 

• Smiths, and Riveters. By John- Courtney. Edited by D. K. Clark, 
M.Inst.C.E. Fifth Edition, 480 pp., with 140 Illustrations. Crown 8vo, 
half bound ............ 7/Q 

“No workman or apprentice should be without this book .”'— Iron Trade Circular . 


BOILER MAKING < AND PLATING, A Practical Handbook ■ 

for Workshop Operations. By Joseph G. Hornkr., A.M.LM.K. 380 pp. 
with 338 Illustrations. Crown Svo, doth 7/© 


BOILERS (STEAM). Their Construction and Management. 

By R. Armstrong, C.E. Illustrated. Crown Svo, cloth . . . 1 /6 


BOILERS. Their Strength, Construction, and Economical Work- 
ing. By R. Wilson, C.E- Fifth Edition, tamo, cloth , . . , g/0 



CIVIL , MECHANICAL , ENGINEERING . 


BRIDGE CONSTRUCTION IN CAST AND WROUGHT 

IRON. A Complete and Practical Treatise on, including Iron Founda- 
tions. In Three Parts. — Theoretical, Practical, and Descriptive. By William 
Humber, A.M.Inst.C.E., and M.Inst.M.E. Third Edition, revised and much 
improved, with 1x5 Double Plates (20 of which now first appear in this edition), 
and numerous Additions to the Text. In 2 vols., imp. 4to, half-bound in 

; . morocco .... t£6 16 a. @d« 

•« in addition to elevations, plans, and sections, large scale details are given, which very 
much enhance the instructive work of these illustrations .” — Civil Engineer and Architects 
' Journal ■ , ' f ■ 


BRIDGES AND VIADUCTS, IRON AND STEEL. A 

Practical Treatise upon their Construction. For the use of Engineers, 
draughtsmen, and Students. By Francis Campin, C.E. Crown 8vo, 
cloth 3/6 


BRIDGES (IRON) OF MODERATE SPAN: Their Con- 
struction and Erection. By H. W. Pend red. With 40 illustrations. 
Crown 8vo, cloth . . . . , . . , . . , 2/0 


BRIDGES, OBLIQUE. A Practical and Theoretical Essay. 
With 13 large Plates. By the late George Watson Buck, M. Inst. C.E. 
Fourth Edition, revised by his Son, J. H. Watson Buck, M. Inst. C.E. ; 
and with the addition of Description to Diagrams for Facilitating the 
Construction of Oblique Bridges, by W, H. Barlow, M. Inst. C.E. Royal 
8 vO, cloth . . . . i - . . . 12/0 

“ As a guide to the engineer and architect, on a confessedly difficult subject, Mr. Buck's work 
is unsurpassed.” ~~Eutlding News. 


BRIDGES, TUBULAR AND OTHER IRON GIRDER. 

Describing the Britannia and Conway Tubular Bridges. With a Sketch of 
Iron Bridges, &c. By G. D. Dempsey, C.E. Crown 8vo, cloth 2/0 


CALCULATOR (NUMBER, WEIGHT, AND FRACTIONAL). 

Containing upwards of 250,000 Separate Calculations, showing at a Glance the 
Value at 422 Different Rates, ranging from rlyth of a Penny to 20s. each, or per 
cwt., and £zo per ton, of any number of articles consecutively, from x to 470. 
Any number of cwts., qrs., and lbs., from 1 cwt. to 470 cwts. Any number of 
tons, cwts., qrs., and lbs., from 1 to x,ooo tons. By William Chadwick, 
Public Accountant. Fourth Edition, Revised and Improved, Evo, strongly 
bound ... * 18/0 


CALCULATOR (WEIGHT). Being a Series of Tables upon a 

New and Comprehensive Plan, exhibiting at one Reference the exact Value 
of any Weight from 1 lb. to 15 tons, at 300 Progressive Rates, from id. to 
j68s. per cwt., and containing 186,000 Direct Answers, which, with their 
Combinations, consisting of a single addition (mostly to be performed at 
sight), will afford an aggregate of 10,266,000 Answers ; the whole being 
calculated and designed to ensure correctness and promote despatch. By 
Henry Harben, Accountant. Sixth Edition, careful!} Corrected. Royal 
8vo, strongly half-bound . . . ‘ . > • • • fib 
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CROSBY LOCKWOOD & SOWS CATALOGUE , 



CHAIN CABLES AND CHAINS. Comprising Sizes and Curves 

of Links, Studs, et;,, Iron for Cables and Chains, Chain Cable and Chain 
Making, Forming and Welding Links, Strength of Cables . and Chains, 
Certificates for Cables, Marking Cables, Prices of Chain Cables and . Chains, 
Historical Notes, Acts of Parliament. Statutory Tests, Charges for Testing, 
List of Manufacturers of Cables/ et:., etc. By Thomas W. Traill, 
, F.E.R.N., MJsst.CS.,' Engineer-Surveyor *in -Chief. Board of Trade, Inspec- 
■: tor of Chain Cable and" Anchor Proving Establishments, and General Super- 
' intendent, Lloyd’s Committee on Proving Establishments. With . numerous' 
. Tables, Illustrations, and Lithographic Drawings. „ Folio, cloth Jg '2 2 s. 


CIVIL ENGINEERING. By Henry Law, M.Inst.C.E. In- 

. eluding .a Treatise on Hydraulic Engineering by G. R. . Burnell, 

. ' :M.Inst.C.E. .-Seventh ’Edition, revised, with Large Additions on Recent 
" Practice by B.. Kinnear Clark, M.Inst.C.E, Grown Svo, cloth 0/0 


CONDUCTORS FOR ELECTRICAL > DISTRIBUTION. 

Their Materials and Manufacture, The Calculation of Circuits, Pole-Line 
Construction, "Underground Working, and other Uses. By F. A.C. Perrine, 
A.M ., D.Sc. ; formerly Professor of Electrical Engineering, Leland Stanford, 
Jr., University; M.Amer.I.E.E. Medium Svo,: 303 pp., fully illustrated, 
including Folding Plates and Diagrams . . . . Net 20/0 

CONTINUOUS RAILWAY BRAKES. A Practical Treatise 

on the several Systems in Use in the United Kingdom, their Construction 
and Performance. By M. Reynolds. Svo, cloth . . . . 9/0 


CRANES, the Construction of, and other Machinery for Raising 

Heavy Bodies for the Erection of Buildings, &c. By J. Glynn, F.R.S. ,. 

: Crown .Svo, cloth : . ... . . .. . . . 1/6 

CURVES, TABLES OF TANGENTIAL ANGLES AND 

MULTIPLES, For Setting-out Curves from 5 to 200 Radius. By A. 
Beazkley, M. Inst. C. E. 7m Edition, Revised. With an. Appendix. on; 
the use of the Tables for Measuring up Curves. Printed on 50 Cards, and 

sold in a doth box, waistcoat-pocket size .... . . 3/6 

** Each table is printed on a small card,, which, placed on the theodolite, leaves the hands' free 
manipulate the lnstmxnent—no small .advantage as regards the rapidity of vi ork."— Engineer. . ; 

DRAINAGE OF LANDS, TOWNS AND BUILDINGS. 

By G. D. Dempsey, C.E. Revised, with large Additions on Recent Practice ■. 
in Drainage Engineering by D. Kinnear Clark, M.Inst.C.E. Fourth 
Edition. Crown Svo, cloth , . , , . . . . 4/6 


DYNAMIC ELECTRICITY AND MAGNETISM, ELE- 

ME NTS OF. A Handbook for Students and Electrical Engineers. By 
Philip Atkinson, A.M., Ph.D. Crown Svo, cloth, 417 pr., with T20 

fioMltVlmM t m * t * * . , , ' , 10/0 


HOW TO MAKE A DYNAMO* 

Amateurs. By Alfred Crofts. Crown Svo, 

. ' 2/0 


7 


% 


CiTIL, MECHANICAL, &c„ ENGINEERING . 


DYNAMO ELECTRIC MACHINERY. By Samuel Sheldon, 

A.M., Ph.D., Professor of Physics and Electrical Engineering at the Poly- 
technic Institute of Brooklyn, etc., assisted by Hobart Mason, B.S. , E.E. 

In two volumes (sold separately). 

Vol. I. — DIRECT CURRENT MACHINES. Sixth Edition, Revised. 2C2 

Illustrations . . Net 12/0 

Vol. II.— ALTERNATING CURRENT MACHINES. Fifth Edition, With 
184 Illustrations . Net 12/0 


DYNAMO MANAGEMENT. A Handybook of Theory and 

Practice for the Use of Mechanics, Engineers, Students, and others in Charge 
of Dynamos. By G. W. Lummis-Patfrson, Electrical Engineer. Third 
Edition, Revised. Crown 8vo, 260 pp., with 100 illustrations, cloth . 4/6 

ELECTRICAL UNITS— MAGNETIC PRINCIPLES— THEORY OF THE DYNAMO— ARMA- 
TURES— ARMATURES in Practice — F i eld Magnets— Field magnets in practice- 
regulation DYNAMOS — COUPLING DYNAMOS — RUNNING DYNAMOS — FAULTS IN 
DYNAMOS— FAULTS IN ARMATURES— MOTORS. 

“ The book may be confidently recommended.”— iD^i;*****. 


DYNAMO, MOTOR AND SWITCHBOARD CIRCUITS 

FOR ELECTRICAL ENGINEERS. A Practical Book dealing with the 
subject of Direct, Alternating and Polyphase Currents. By William R. 
Bowker, C.E., M.E., E.E. Medium 8vo, cloth. 109 Diagrams Net 6/0 

DYNAMO AND MOTOR CIRCUITS— STARTING AND STOPPING OF SAME— METHODS 
of Changing Direction of Rotation— Synchronism— Paralleling of alter- 
nators, ETC.— POLYPHASE CIRCUITS — POLYPHASE TRANSMISSION OF POWER— 
Diphase and Triphase Circuits, etc. — BOOSTERS — Equalisers-Rp ver-ible 
Boosters— storage batteries— End-Cell switches. Etc.— electric traction 
MOTORS — Series — Parallel Controllers — Car Wiring Diagrams — motor 
Vehicle circuits — Canal Haulage Rotary Converters — switchboard 

CIRCUITS, ETC. ' 0, 


DYNAMOS (ALTERNATING AND DIRECT CURRENT). 

A Text-book on their Construcrion for Students, Engineer-Constructors and 
Electrieians-in -Charge. By Tyson Sewell, A.M.I E.E,, Lecturer and 
Demonstrate r in Electrical Engineering at the Polytechnic, Regent Street, 
London, autir or of “ The Elements of Electrical Engineering.” 328 jp., with 
over 230 Illustrations. Large crown 8vo, cloth. {Just published. Net 7/6 

Fundamental principles of Direct Currents— the Magnetic field— 
The . production 1 , of an .'Electromotive force— fundamental principles' of. 

. Alternating, currents— The alternating Magnetic Field— the Capacity of 
the circuit— bipolar Dynamo Construction— Theory, of bipolar Machines—/ 
Bipolar Dynamo dfsign — multipolar dynamo construction — Multipolar 
dynamo Design-Single phase Alternators— construction of alter nators— 
polyphase alternators — Exciting, Compounding and synchronising of 
alternators. 


EARTHWORK DIAGRAMS. Giving graphically the Cubic 

Contents for different Heights of Banks and Cuttings, either 66 ft. or 100 ft. 
Chains. By R. A. Erskin e-Murray, A.M.Inst.C.E,, and Y. D. Kirton, 
A. M. Can. Soc. C» E* On a sheet in a roll. 

[ Just published. 5 Q Net, or mounted on card, Net * 7/0 
These Diagrams or Scales have been designed with the intention of reducing 
the labour connected with the computation of earthwork quantities, and 
especially those of railways and roads. It has been found in the Authors’ 
practice that they are much quicker, and at the same time as accurate and 
much more complete than mest of the tables heretofore published. 


EARTHWORK MANUAL. By Alex. J. Graham, C.E. With 

numerous Diagrams. Second Edition. iSmo, cloth . . . » 2/6 





EARTHWORK TABLES. Showing the Contents in 

Yards of Embankments, Cuttings, &c., of Heights or Depths up to : an. 
of So feet. By Joseph Bkoadeent, C.E., and. Francis Campji 
Crown Svo, doth . . • ■ » ... * 


EARTHWORK TABLES, HANDY GENERAL. Giving the 

: Contents in. Cubic Yards of Centre and Slopes of Cuttings and Embankments' 
■ . from 3 inches to So feet in Depth or Height, for use witn either 66 feet Chain 
or zoo feet Chain. By J. H. Watson Buck, M.lnst.C.E. On a Sheet 
mounted in doth case . . • • 3/8 


ELECTRIC LIGHT. Its- Production . and .Use,. ..By 

Usqohakt. Crown Svo, doth . ■ . .. ■* " 


ELECTRIC LIGHT FITTING. I 

■ Electrical Engineers. By J. W. UrQUHAR’ 


Handbook for Working 
Crown Svo, do li . ..Sit 


ELECTRIC LIGHT FOR COUNTRY HOUSES. A Prac 

fcical Handbook, including Particulars of the Cost of Plant, and /Working; 
By J. H. Knight. Crown Svo, wrapper , I/O 


ELECTRIC LIGHTING. By Alan A. Campbell Swinton, 
' : ;M.lnst.C..E,,. : M.I.E.E. Crown Svo, doth . . . * .* 1/6 


ELECTRIC LIGHTING AND HEATING POCKET BOOK. 

: . / Comprising useful Formula:, Tables, Data, and. Particulars of Apparatus and 
' Appliances •• for . the use of Central Stations, Engineers, Contractors, and 
Engmeers-in-Cbarge. By Sydney F. Walker, R.N., 
i ' A.M.Inst.CE., ' -Etc. ' F’cap Svo, 448 pp M 270' Diagrams, and 240 . Tables. 

;■■■■■ ; ■ ■ [Just published , Net 7/6 

Definition’s — Different Units Employed— laws of Electric , Circuits— 
Differences'. between/- working of Continuous and. Alternating .currents*-'" 
■Laws' -of. Electro magnetic and electro - .static. : induction —'Electricity: 
Generators— accumulators — Switchboards — switches, Circuit-Breakers; etc,: 
— Cables— methods' of Insulation— sizes and insulation of; Cables Made by 
-■Leading .makers— Conduits— leading wires and other, accessories— measur- 
ing ; INSTRUMENTS . OF:/ ALL KINDS AND . APPARATUS " FOR' . TESTING: 'LAMPS- .'AND'’ 
Accessories— apparatus for heating byelectricity. 


ELECTRIC SHIP- LIGHTING. A Handbook on the Practical 

Fitting and Running of Ships' Electrical Plant. By J. W. Urquhakt. 
Crown 8vc, doth . .. .. . f\-,v 'V/;/u' «■/',' : G ; -- :1 tJ^ 


ELECTRIC-WIRING, DIAGRAMS & SWITCH-BOARDS. 

By Newton Harrison, E.E., Instructor of Electrical Engineering in the 
Newark Technical School. Crown Svo, cloth .... Net 5/0 

THE BEGINNING OF WIRING— CALCULATING THE SIZE OF WIRE— A SIMPLE 
Electric Light Circuit Calculated— Estimating the mains, Feeders, and 
Branches— Using the Bridge for testing— The insulation resistance- 
wiring for Motors— wiring with Cleats, Moulding and conduit— Laying-out 
a conduit system — Power required for Lamps— lighting of a Room- 
switchboards AND THEIR PURPOSE— SWITCHBOARDS DESIGNED FOR SHUNT AND 
Compound-Wound Dynamos— panel Switchboards, street Railway switch- 
boards, Lightning Arresters— the ground Detector— Locating Grounds— 
Alternating Current Circuits— The power Factor in Circuits— Calculation 
of Sizes of Wire for Single,- Two and three-phase Circuits. 



CIVIL, MECHANICAL, &>c. t ENGINEERING, 


ELECTRICAL AND MAGNETIC CALCULATIONS* For 

the Use of Electrical Engineers and Artisans, Teachers, Students, and all 
others interested in the Theory and Application of Electricity and Magnetism. 
By JA. A. Atkinson, Professor of Physi s and Electricity in Ohio 

University, Athens, Ohio. Crown 8 vo, cloth . . „ Net 9/0 


ELECTRICAL DICTIONARY, A Popular Encyclopaedia of 

Words and Terms Used in the Practice of Electrical Engineering. By T. 
O’Conor Sloan% A.M., E.M., Ph.D. , Author of “ Arithmetic of Electricity,” 
“Electricity Simplified,” “Electric Toy Making,” etc. Third Edition, with 
Appendix. 690 pages and nearly 400 Illustrations. Large Crown 8vo, cloth 

Net 7/6 

“ The work has many attractive features in it, and is, beyond doubt, a well put together and 
useful publication. The amount of ground covered may be gathered from the fact that in the index 
about 5,000 references will be {ound 7 ‘~£tectricaZ Review. 


ELECTRICAL ENGINEERING. A First-Year's Course for 

Students. By Tyson Sewell, A.I.E.E., Lecturer and Demonstrator in 
Electrical Engineering at the Polytechnic, Regent Street, London. Fourth 
Edition, Revised, with additions. Large Crown Svo, cloth. 466 pp., with 
277 Illustrations , v . , . . [Just Published Net Q/Q 

ohm’s Law— units Employed in electrical Engineering -Series and 
Parallel Circuits — Current Density and Potential Drop in the circuit— 
The Heating effect of the Electric Current— The Magnetic Effect of an 
Electric Current.— The Magnetisation of iron— Electro-Chemistry— primary 
Batteries— accumulators— indicating instruments— ammeters, Voltmeters, 
Ohmmeters— Electricity supply Meters— Measuring Instruments, and the 
measurement of Electrical resistance — Measurement of potential Dif- 
ference, Capacity, current strength, and permeability— arc Lamps— incan- 
descent Lamps — manufacture and installation— photometry — The Con. 
tinuous Current dynamo— Direct current motors— alternating currents 

—TRANSFORMERS, ALTERNATORS, SYNCHRONOUS MOTORS— POLYPHASE WORKING- 

APPENDIX l„ The Three wire system— Appendix II., questions and answers. 

“ Distinctly one of the best books for those commencing the study of electrical engineering. 
Everything is explained in simple language which even a beginner cannot fail to understand."—* 
Tht Engineer. 


ELECTRICAL ENGINEERING (ELEMENTARY). In 

Theory and Practice. A Class Book for Junior and Senior Students and 
Working Electricians. By J. H. Alexander. With nearly 200 Illustrations. 
Crown Svo, cloth Net 3/6 

' FUND AM ANTAL PRINCIPLES— ELECTRICAL CURRENTS— SOLENOID COILS, GALVANO- 
METERS — Volt-meters — measuring Instruments— Alternating Currents— 
dynamo electric Machines— Continuous Current Dynamos— induction. Static 
Transformers, Converters— Motors— Primary and Storage. Cells— Arc. Lamps 
—INCANDESCENT. - LAMPS— SWITCHES, ' FUSES, - ETC.— CONDUCTORS' AND CABLES— ELEC- 
TRICAL ; ENERGY METERS— SPECIFICATIONS — GENERATION AND TRANSMISSION : OF . 

Electrical energy— Generating Stations. 


ELECTRICAL TRANSMISSION OF ENERGY. A Manual 

for the Design of Electrical Circuits. By Arthur Vaughan Abbott, C.E., 
Member American Institute of Electrical Engineers, Member American 
Institute of , Mining Engineers, Member American Society of Civil Engineers, 
Member American Society of Mechanical Engineers, etc. Fourth Edition, 
entirely Re-Written and Enlarged, with numerous Tables, 16 Plates, and 
nearly 400 other Illustrations. Royai 8vo, 700 pages. Strongly bound in 

‘ cloth . V/.-' > A : ' 7; « ■ ,V' . Net 30/0 

Introduction— The properties of wire— the construction of aeria* - 
Circuits— general line Work— Electric RailwayCircuits— Protection— the 
Construction of Underground Circuits— conduits— Cables and Conduit Con- 
, h.ucroRs— special.'-. Rai lway ci rcuit— the inter urban ■ ■ transmission he : 

Third kail— the urban conduit— Electrical instruments— Methods of Elec 

TRICAL ... MEASUREMENT.— CONTINUOUS-CURRENT CONDUCTORS — THE HEATING OF 
CONDUCTORS—CONDUCTORS 'FOR ; ALTERNATING CURRENTS— SERIES' ■ DlSTRI BUTION— - 
Parallel Distribution— Miscellaneous methods— polyphase transmission— 
The Cost of Production and Distribution. 

Noth.— This Volume forms an indispensable Work for Electrical Engineers, Railway and 
Tramway Managers and Directors, and all interested in Electric Traction. 
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GEOSBY LOCKWOOD &* SOWS CATALOGUE . 


ELECTRICITY AS APPLIED TO MINING. By Arnold 
Lofton, -M.Inst C.E., M.I.Mech.E., M.I.E.E., late Professor of Coal 
■ ..Mining at the. Yorkshire College, Victoria. University,. Mining Engineer 
and Colliery Manager; G. D. Aspinall Parr, A. M.I.Mech.E.-, 

Associate of the Central .Technical College, City and Guilds of London Head 
of the Electrical Engineering Department, Yorkshire College, Victoria . 

. University; and Herbert Perkin, Certificated^ColIiery Manager, 

/ ' : Assistant Lecturer in the Mining Department of the Yorkshire College; 
Victoria University. Second Edition, Revised and Enlarged, Medium Bvo, 
cloth. 300 pp., with about 170 Illustrations . . e ■ Met 1 J 2/0 

INTRODUCTORY— DYNAMIC ELECTRICITY— DRIVING OF THE DYNAMO— THE STEAM : 
'■"Tv Rfl 2 XE— BlSTRT BUTION • OF ELECTRICAL ENERGY— STARTING AND STOPPING E LEG* 

TR 2 cal Generators and Motors— Electric Cables— central electrical plants : 

f lfctricitv Applied' to pumping, and.- hauling— Electricity 1 applied to Coal 
Cutting— Typical Electric plants recently, erected— electric Lighting by - ■ 
arc andGlow Lamps— Miscellaneous applications of electricity— Electricity 
.as: compared auth other modes, of. transmitting Power— Dangers' of Elec*' 
tricity. ■■ ' '. ... 

“The book is a good attempt to meet a- growing want, and is well worthy, of a place in the 
; mining engineer’s librarj*.”— 7/k Electrician, , 


ELECTRICITY. 
M. Noad, F.R.S. 


A STUDENT’S TEXT-BOOK. By H. 

650 pp., with 470 Illustrations. Crown 8vo . . 9/0 


ELECTRICITY, POWER TRANSMITTED BY, AND 

APPLIED BY THE ELECTRIC MOTOR, including Electric Railway 
Construction. By Philip Atkinson, A.M., Ph.IX, author of “ Elements of 
./Static Electricity. ^ Fourth Edition, Enlarged, Crown Svo, cloth, 224 pp., 
with over go Illustrations ' . : . /v A r sf, 9/0 


ELECTRO- PLATING AND ELECTRO- REFINING OF 

METALS. Being a new edition of Alexander Watt’s “ Electro-Deposition.” 
Revised and Largely Re-written by Arnold Philip, Assoc. R.S.M., B.Sc., 

. A.I.E.E., F. I. C., Principal -Assistant to the Admiralty Chemist, formerly 
Chief Chemist to the Engineering Departments^ of the India Office, and some- 
: time Assistant Professor of Electrical Engineering and Applied Physics at the 
Heriot-Watt College, Edinburgh, 700 pp., with numerous Illustrations, 
Large Crown 3 vo, cloth Net 1 2/6 


ENGINE-DRIVING LIFE. Stirring Adventures and Incidents 
/ in the Lives of' Locomotive Engine-Drivers. By Michael Reynolds. 
Third Edition, Crown 8vo, cloth . . . /,..'; .. . . : 1 / 0 :/ 


ENGINEERING DRAWING. A WORKMAN’S MANUAL. 

: /.' By John , Maxton, Instructor ■ in ■ Engineering ' Drawing, , ' Royal Naval 
College, Greenwich. Eighth Edition. 300 Plates and Diagrams. Crown 8vo, 

- ■; cloth ■ ' . . . ■/' , ' . . v ; . . : ../ »,. ■ /S./S - . 

“A copy of it should be kept for reference in every drawing office.”— Engineering. 


ENGINEERING ESTIMATES, COSTS, AND ACCOUNTS. 

A Guide to Commercial Engineering. With numerous examples of Estimates 
and Costs of Millwright Work, Miscellaneous Productions, Steam Engines and 
Steam Boilers; and a Section on the Preparation of Costs Accounts. By 
A General Manager. Second Edition. 8vo, cloth 12/0 

“The information is given in a plain, straightforward m inner, »nd bears throughout evidence 
of the intimate practical acquaintance of the author with every phase of commercial engineering.” 
— Mechanical WprZd. U 7-v-.: '■■■:. - 


CIVIL , MECHANICAL , <&*., ENGINEERING. 
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ENGINEERING PROGRESS (1863 = 6). By Wm. Humber, 
A.M.Inst.C.E. Complete in Four Vols, Containing 148 Double Hates 
with Portraits and Copious Descriptive Letterpress. Mpl. 410 haif- 
morocco. Price, complete, £12 12 s. J or each Volume sold separately at 
£3 3 s. per Volume. Descriptive List of Contents on application . 


ENGINEER’S AND MILLWRIGHT’S ASSISTANT. A 

Collection of D’seful Tables, Rules, and Data. By William Templeton. 
Eighth Edition, with Additions. i8mo, cloth 2/8 

“ A deservedly popular work. It should be in the ‘drawer’ of every mechanic.”— English 
Mechanic. ' ' 1 : .. ' 


ENGINEER’S HANDBOOK. A Practical Treatise on Modern 

Engines and Boilers, Marine, Locomotive, and Stationary. And containing 
a large collection of Rules and Practical Data relating to Recent Practice 
in Designing and Constructing all kinds of Engines, Boilers, and other 
Engineering work. The whole constituting a comprehensive Key to the Board 
of Trade and other Examinations for Certificates of Competency in Modern 
Mechanical Engineering. By Walter S. Hutton. Civil and Mechanical 
Engineer, Author of “The Works’ Manager’s Handbook for Engineers," &c. 
With upwards of 420 Illustrations. Sixth Edition, Revised and Enlarged. 
Medium 8vo, nearly 560 pp., strongly bound 1 3/0 

“ A mass of information set down in simple language, and in such a form that it can te easily 
referred to at any time. The matter is uniformly good and well chosen, and is greatly elucidated 
by the illustrations. The book will find its way on to most engineers' shelves, where it will rank as 
one of the most useful books of reference. "—Practical Engineer. 

“ Full of useful Information, and should be found on the office shelf of all practical engineers.” 
—English Mechanic. 


ENGINEER’S, MECHANIC’S, ARCHITECT’S, 

BUILDER’S, ETC. TABLES AND MEMORANDA. Selected and 
Arranged by Francis Smith. Seventh Edition, Revised, including 
Electrical Tables, Formulae, and Memoranda. Waistcoat-pocket size, 
limp leather .1/8 

" The best example we have ever seen of 270 pages of useful matter packed into the dimen- 
sions of a card-case.” —Building JVews. 


ENGINEER’S YEAR-BOOK FOR 1908. Comprising 

Formulae, Rules, Tables, Data and Memoranda in Civil, Mechanical, 
Electrical, Marine and Mine Engineering. By H. R. Kempe, M.Inst.C.E., 
Electrician to the Post Office, Formerly Principal Staff Engineer, Engineer- 
in-Chief’s Office, General Post Office, London, Author oi “A Handbook 
of Electrical Testing,” “The Electrical Engineer’s Pocket-Book," &c. With 
1,000 Illustrations, specially Engraved for the work. Crown 8vo, 050 pp., 
leather [Just Published. 8/0 

“Kempe’s Year-Book really requires no commendation. Its sphere of usefulness is widely 
known, and it is used by engineers the world over.”— The Engineer . 

“The volume Is distinctly In advance of most similar publications in this country.”— 
Engineering. 


ENGINEMAN ’5 POCKET COMPANION, and Practical Edu- 
cator for Enginemen, Boiler Attendants, and Mechanics. By Michael 
Reynolds. With 45 Illustrations and numerous Diagrams. Fifth Edit on. 
Royal i8mo, strongly hound for pocket wear . * . * . . 3/6 
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EXCAVATION (EARTH AND ROCK). A Practical Treatise, 

by Charles Prelini, C.E. 365 pp., with Tables, many Diagrams and 
Engravings. Royal Svo, doth. ... . . . * ,, . Net 1 6/0 


FACTORY ACCOUNTS: their PRINCIPLES & PRACTICE. 

A Handbook for Accountants and Manufacturers. By E. Garcke and J. M. 
Fells. Crown Svo, cloth . . ' f * ■ * '7/8 


FIRES, FIRE-ENGINES, AND FIRE BRIGADES. With 

a History of Fire-Engines, their Construction, Use, and Management.. 
Hints on Fire-Brigades, & c. By C. F. T. Young, C.E. Svo, cloth, £1 4s. 


FOUNDATIONS AND CONCRETE WORKS. With Practical 
Bern arks- on Footings, Planking, Sand and Concrete, Beton, Pile-driving, 
. Caissons, and' Cofferdams. By E . Dobson . Crown Svo . . -1/6 


FUEL, ITS COMBUSTION AND ECONOMY. Consisting 

of an Abridgment of “A Treatise on the Combustion of Coal and the 
Prevention of Smoke.’’ By C, W. Williams, A.Inst.C.E. With extensive 
Additions by D. Kin near Clark, M.Inst. C.E. Fourth Edition. Crown 
Svo, cloth . . . . . 3/6 


FUELS: SOLID, LIQUID, AND GASEOUS. Their Analysis 

and Valuation. For the use of Chemists and Engineers. By H. J. Phillips 
F.C.S., formerly Analytical and Consulting Chemist to the Great Eastern 
, Railway. .. Fourth Edition. Crown 8vo, cloth . 2/0 


GAS AND OIL ENGINE MANAGEMENT. A Practical 
Guide for Users and Attendants, being Notes on Selection, Construction, and 
Management, By M. Powis Bale, M.Inst.C.E., M.I.Mech.E. Author of 
“ Woodworking Machinery,” &c. Second Edition, with an additional Chapter 
on Gas Producers. Crown Svo, cloth , . . . . Net 3/6 

selecting and Fixing a Gas Engine-Principles of Working, f.tc.— Failures 
anb...def'ects--v alves,. ignition, Piston kings. etc.— oilengines— Gas . producers 
— ru les, Tables, etc. ■ — .■W: 


QAS ENGINEER’S POCKET-BOOK. Comprising Tables, 

Notes and Memoranda relating to the Manufacture, Distribution, and Use of 
Coal Gas and the Construction of Gas Works. By H. O'Connor, A. M.Inst. 
C.E. Third Edition, Revised. Crown Svo, leather. 

[Just Published, Net 10/6 
“ The book contains a vast amount of information "—Gas U ' erki . 


GAS-ENGINE HANDBOOK, A Manual of Useful Infor- 
mation for the Designer and the Engineer. By E. W. Roberts, M.E. 
With Forty Full-page Engravings, Small Fcap. Svo, leather . _ . Net 8/6 
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gas-engines and producer-gas plants, a 

. Treatise setting forth the Principles of Gas Engines and Producer Design, 
the Selection and Installation of an Engine, the Care of Gas Engines and 
Producer-Gas Plants, with a Chapter on “Volatile Hydrocarbon and Oil 
Engines. By R, E. Mat hot, M.E. Translated from the French. With a 
Preface by Dugald Clerk, M.Inst.C.E., F.C.S. Medium Bvo, cloth, 
310 pages, with about 150 Illustrations . . . .. . .. . Net 1 2/0 

. Motive Power, and Cost of Installation— Selection of an Engine- 
Instillation of an Engine— Foundation and exhaust— water Circulation— 
;I ubiiication— Conditions of perfect Operation— How to start an engine— pre- 
cautions— perturbations . in the Operation of Engines— producrr-Gas .Engines 
— producer-Gas— pressure Gas-producers— suction Gas-Producers— Oil and 
Volatile Hydrocarbon engines— The Selection of an engine. 


GAS ENGINES. With Appendix describing a Recent Engine 

with Tube Igniter. By T. M. Goodeve, M.A. Crown Bvo, cloth . 2/8 


oaS manufacture, chemistry of. A Practical 

••''•.-'/"-.'.'Manual for the Use cf Gas Engineers, Gas Managers and Students* By 
Harold M. Royle, F.C.S., Chief Chemical Assistant at the Becton Gas 
Works- Demy Svo, cloth. 340 pages, with numerous Illustiatisns and 
: Coloured Plate . . . . . , . {Just publish ed, NetA 2/6 

Preparation of Standard Solutions— Analysis of Coals— description of 
Various .Types of Furnaces— Products of carbonisation at Various Tempera- 
tures— analysis of Crude Gas— Analysis of lime— analysis of ammoniacal 
Li*' < u< >r— Analytical Valuation of oxide of Iron— Estimation of Napthalin— 
Analysis of Fire-bricks and Fire-Clay— Art of photometry— C a ubu retted 
Water-Gas— Appendix containing Statutory and Official regulations for 
Testing Gas, Valuable Excerpts from various Important papers on Gas 
CKEM.ISTRY, Useful. Tables, memoranda, etc. . ■ . 

“ It should prove a useful book of instructiou and reference both to students in the technical 
colleges and to practical engineers and managers in their daily duties. "—Scotsfiian. 

GAS WORKS. Their Construction and arrangement, and the 
Manufacture and Distribution of Coal Gas. By S. Hughes, C,E. Ninth 
Edition. Revised, with Notices of Recent Improvements by Henry 
O’Connor, A. M.Inst.C.E. Crown 8 vo, cloth . . ... 6/0 


GEOMETRY. For the Architect, Engineer, and Mechanic, By 

E. W. Tarn, M. A., Architect. Svo, doth . . , . . 9/0 


GEOMETRY FOR TECHNICAL STUDENTS. By E. 

H. Sprague, A.M. Inst. C.E. Crown Svo, doth . . . . Net 1 /O 


GEOMETRY OF COMPASSES. By Oliver Byrne. Coloured 
Plates. Crown Svo, cloth .3/8 


HEAT, EXPANSION OF STRUCTURES BY. By John 

Keily, C.E. Crown Svo, cloth . . . . . - 3/© 


HOISTING MACHINERY. Including the Elements of Crane 

Construction and Descriptions of the Various Types of Cranes in Use. By 
Joseph Horner, A.M.I.M.E. Crown Svo, doth, with 2 rs Illustrations, 
including Folding Piates . . .. ...... Net 7/6 


HYDRAULIC MANUAL. Consisting of Working Tables and 
Explanatory Text. Intended as a Guide in Hydraulic Calculations and Field 
Operations, By Lowrs D’A. Jackson. Fourth Edition, Enlarged, Large 
crown Syo, doth . u . ■•■•■* >■■■■■;> -y . i 18 / 0 ' 
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HYDRAULIC POWER ENGINEERING. A Practical Manual 

on the Concentration and Transmission of Power by Hydraulic Machinery. 

: By G. Croydon Marks, A.M.Inst.C.E. Second Edition, Enlarged, .with 
about 240 Illustrations, Svo, cloth . . * ' * > » ' Nef . 1 0/6 ■ 

Summary of Contents:— principles of hydraulics-The Flow of Water— 

: Hydraulic Pressures— Material— Test Load— Packing for Sliding Surfaces 
—pipe: joints— Controlling Valves— Platform Lifts— workshop and foundry 
Cranes— Warehouse and Dock cranes— hydraulic Accumulators— Presses 
for Baling and other purposes— Sheet Metal working and Forging Machinery 
: — Hydraulic Riveters— Hand and power pumps— Steam pumps— turbines— 
impulse Turbines— Reaction Turbines— Design of turbines in Detail— Water 
WHEELS- HYDRAULIC ENGINES— RECENT ACHIEVEMENTS— PRESSURE OF WATER— 
ACTION OF PUMPS, &C. 

. “ Can be unhesitatingly recommended as a useful and up-to-date manual on hydraulic, trans- 
mission and utilisation of power.”— Mechanical World . 


HYDRAULIC TABLES, CO-EFFICIENTS, & FORMULAE. 

For Finding the Discharge of Water from Orifices, Notches, Weirs, Pipes, and 
Rivers. With New Formulae, Tables, and General Information on Rain-Fall, 
Catchment-Basins, Drainage, Sewerage, Water Supply for Towns and Mill 
Power. By John Neville, C.E., M.R.I.A. Third Edition, revised, with 
additions. Numerous Illustrations. Crown 8 vo, cloth . . . 14/0 


IRON AND METAL TRADES* COMPANION. For Ex- 
peditiously Ascertaining the Value of any Goods bought or sold by Weight, 
from is, per cwt. to 112s. per cwt., and from one farthing per pound to one 
shilling per pound. By Thomas Downie. Strongly bound in leather, 
396 pp. . . . . . . . . . . . . . 9/0 


iND STEEL. A Work for the Forge, Foundry, Factory. 
Office. Containing ready, useful, and trustworthy Information for Iron- 
masters and their Stock-takers; Managers of Bar, Rail, Plate, and Sheet 
Rolling Mills; Iron and Metal Founders ; Iron Ship and Bridge Builders; 
Mechanical, Mining, and Consulting Engineers; Architects, Contractors, 
Builders, &c. By Charles Hoare, Author of “ The Slide Rule," See. Ninth 
Edition, 321110, leather . . . . ' , . V . 6/0 


IRON AND STEEL CONSTRUCTIONAL WORK, as applied 

to Public, Private, and Domestic Buildings. By Francis Campin, C.E. 
.h Crown Svo, cloth . . ■ . ..■.■■■ 3 / 6 :V 


IRON & STEEL GIRDERS. A Graphic Table for facilitating 
■' the Computation' of the Weights of Wrought Iron and Steel Girders, &c., 
..'for "Parliamentary .and other Estimates. By J. H, Watson Buck, M.Inst.C.R, 
. . . ■ . - . . . 2/6 


TABLES. For Iron Shipbuilders, 

'■Containing' the Calculated Weights of 
Iron Plates from 1 foot by 6 in. by £ in. 
out on the Basis of 40 lbs. to the square 
thickness. By H. Burlinson and W H Simpson. 

* . * • i£1 5s. 
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LATHE-WORK. A Practical Treatise on the Tools, Appliances, 
and Processes employed in the Art of Turning. By Paul N. Hasluck. 
Eighth Edition. Crown 8 vo, cloth . . . . . . 

« We can safely recommend the work to young engineer?. To the amateur It will simply 

invaluable. Engineer. 

LAW FOR ENGINEERS AND MANUFACTURERS 

See Every .Man’s Own Lawyer. A Handybook of the Principles of Law 
and Equity. By a Barrister. Forty-fifth (1908) Edition, Revised and 
Enlarged, including Abstracts of the Legislation of 1906-7 of especial interest to 
Engineering Firms and Manufacturers, such as the Workmen’s Compensation 
Act, 1906 ; the Prevention of Corruption Act, 1906 ; the Trades Disputes Act, 
1906 ; the Census of Production Act, 1906 ; the New Companies Act, 
the Limited Partnerships Act, 1907 ; the Patents and Designs Act, 1907 
man}'' other recent Acts. Large crown 8vo, cloth, 838 pages. 

[Just published. Net 

“No Englishman ought to be without this ’boak."~Engineer> 

“ Ought to be in every business establishment and all libraries .”-- 5 
“ It Is a complete code of English Law written in plain 
. . Should be in the hands of every business man, and all 

IVtekly Times, 

“ a useful and concise epkome of the law, compiled with considerable care.”— £r<rw Magaxint, 

LEVELLING, PRINCIPLES AND PRACTICE OF. Show- 
ing its Application to Purposes of Railway and Civil Engineering in 
the Construction of Roads ; with Mr. Telford’s Ru] 

Frederick W. Simms, M.InstC.E. Ninth 
Examples for Setting-out Railway Curves, an< 
of Laying-out Circular Curves. With 7 Plates and 

8vo 

“ The publishers have rendered a substantial 
■'."■fomg&t members, by. bringing out the. present edition 


LOCOMOTIVE ENGINE. The Autobiography of an old Loco- 

motive Engine. By Robert Weather burn, M.LM.E. With Illustrations 
and Portraits of George and Robert Stephenson. Crown 8vo, cloth. 

Net 2/6 


IRRIGATION (PIONEER). A Manual o £ Information for 

- Farmers in the Colonies. By E. O. Mawson, M.Inst C.E., Executive 
Engineer, Public Works Department, Bombay. With Chapters on L : ght 
Railways by E. R. Calthrgp, M.Inst.C.E., M.LM.E. With Plates and 
Diagrams. Demy 8 vo, cloth . . . . . . . ■ . Net 1 n/fi 

VALUE OF IRRIGATION, AND SOURCES OF WATER SUPPLY— D AMS AND WEIRS— 

Canals— Underground Water— methods of irrigation— sewage irrigation— 
Imperial Automatic sluice Gates— the Cultivation of Irrigated Crops, vege- 
tables,' and Fruit trees— Light Railways for Heavy traffic- Useful 

MEMORANDA AND DATA. 


LATHE PRACTICE. A complete and Practical Work on the 
Modern American Lathe. By Oscar E. Perrigo, M.E. Author of 
■'^".■■'■'■“Modern Machine Shop Construction, Equipment, and Management,” etc. 
Medium Svo, 424 pp., 315 illustrations. Cloth, 

[Just Published, Net 12 0 
History of the Lathe up to the introduction of Screw threads— its 
dfvflopment Since the introduction of Screw Threads— Classification of 

Lvri-HFS— Lathe DESIGN: THE BED AND ITS SUPPORTS— THE HEAD-STOCK CASTING, 
THE SPINDLE, AND SPINDLE-CONE— THE SPINDLE BEARINGS, THE BACK GEARS, AND THE 
TRIPLE-GEAR MECHANISM— THE TAIL STOCK, THE CARRIAGE, THE APRON, ETC — 
TURNING RESTS, SUPPORTING RESTS, SHAFT STRAIGHTENERS, ETC — LATHE ATTACH 

MFNT.S— Rapid Change Gear mechanism— Lathe Tools, high-speed steel, speeds 
and feeds. Power for cutting Tools, etc.— Testing a Lathe— Lathe Work— 
fxoinf. lathes— Heavy lathes— H igh-Speed Lathes -Special lathes— regul ar 
turret lathes— Special Turret Lathes— Electrically-Driven Lathes. 
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LOCOMOTIVE ENGINE DEVELOPMENT. A Popular 

. Treatise on. the Gradual Improvements made in Railway Engines, between 
.1803. and 1903.' By Clement C. Stketton, C.E. Sixth Edition. Revised 
and Enlarged. Crown 8 vo, cloth . . . ........ .Net. 4/6 


LOCOMOTIVE ENGINE DRIVING. A Practical Manual for 
Engineers in Charge of Locomotive Engines. By Michael- Reynolds, 
M.S.E. Twelfth Edition. Crown Svo, cloth, 3/8 1 cloth boards . 4/g 


LOCOMOTIVE ENGINES. A Rudimentary Treatise on. By 
: . ; .G, 'D. Dempsey, C.E. With large Additions treating of the. Modern: Lo'co- 
v 'motive, by D. K. Clark, M.Inst.C.E. With Illustrations, Grown Svo, cloth 

3/0 


LOCOMOTIVE (MODEL) ENGINEER, _ Fireman and Engine- 

. .Boy. Comprising a Historical Notice of the Pioneer Locomotive Engines 
and their Inventors. By Michael Reynolds. Crown 8vn. dot’r , 3/6 5 
cloth. Beards 4/6 


MACHINERY, DETAILS OF. Comprising Instructions for 
the Execution of various Works in Iron in the Fitting Shop, Foundry, and 
Boiler Yard. By Francis Campin, C.E. Crown Svo, cloth . , * 3/0 


MACHINE SHOP TOOLS. A Practical Treatise describing 

in every detail the Construction, Operation and Manipulation of both Hand 
and Machine Tools ; being a work of Practical Instruction in all Classes of 
Modern M; chine Shop Practice, including Chapters cm Filing, Fitting and 
.: Scraping Surfaces; on Drills, Reamers, Taps and ..Dies;, the- Lathe. .and its.- 
Tools ; Planers, Shapers and their Tools ; Milling Machines and Cutters ; Gear 
. . Cutlers and Gear Cutting ; : .DriHing Machines and Drill Work ; Grinding 
. : Machines and thtir Work; Hardening and Tempering, Gearing, Belting, 
and Transmission Machinery; Useful Data and Tables. By W. ,H. : Van.' 
Dervoort, M.E. Illustrated by 673 Engravings. Medium Svo. 

Nei 21/0 


MAGNETOS FOR AUTOMOBI LISTS : How made and How 

used. A bandybook on their Construction and Management. By S. R. 
Bottonk. Crown Svo, cloth . . : . . . . [Just Published. Net 2/0 


MARINE ENGINEERING. An Elementary Manual for Young 

Marine Engineers and Apprentices. By j. S. Brewer. Cr-vvn Svo, doth. 

1/6 

MARINE ENGINEER’S GUIDE to Board of Trade Exam- 
inations fet Certificates of Competency. Containing all Latest Questions to 
Date, witii Simple, Clear, and Correct Solutions ; 302 Elementary Questions 
with Illustrated Answers, and Verbal Questions and Answers ; complete Set 
;'.;.'0i':''.Diawings. :: with -Statements completed. By A. C. W annan, C.E., Consult- 
ing Engineer, and E. W. I. W annan, Certificated First Class 

Marine Engineer, With numerous Engravings. Fourth Edition, Enlarged. 
500 pages. Large crown Svo, cloth Nei IQ IQ 
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MARINE ENGINEER S POCKET-BOOK. Containing latest 

;/ 'Board of. Trade Rules and Data for Marine Engineers:. By A. C. W annan, 

: ; Fotir£h Edition, Revised, Enlarged, and Brought up to Date. Square iSmc, 
with thumb Index, leather . . . . . . g/Q 


MARINE ENGINES AND BOILERS. Their Design and 

Construction. A Handbook for the Use of Students, Engineers, and Naval 
Constructors. Based on the Work “Berechnung und Konstrukdon der 
7 .'/ Schiffsmaschinen und Kessel,” by Dr. G. Bauer, Engineer- in-Chief of the 
Vulcan Shipbuilding Yard, Stettin. Translated from the Second German 
. /..Edition by E. M. Donkin, and S. Bryan Donkin, A.M.I.C.E. Edited 
by Leslie S. Robertson, Secretary to the Engineering Standards Com- 
mittee, M.I.M.E., M.I.N.A., fkc. With -numerous Illustrations 

and Tables. Medium 3vo, cloth . Net 25/- 

, SUMMARY OF CONTENTS PART I.— MAIN ENGINES-— DETERMINATION OF CYLIN* 

der Dimensions— The utilisation of steam in the Engine-stroke of piston 
—Number of Revolutions— Turning moment— Balancing of the Moving Parts 
—Arrangement of Main engines— details of main Engines— The Cylinder- 
valves— Various Kinds of Valve Gear— Piston Rods— Pistons— Connecting 
rod and Crosshead — Valve Gear rods— Bed plates — engine Columns — 
reversing and turning gear, part ii.— pumps.— air, circulating feed, and 
AUXILIARY PUMPS. PART III.— SHAFTING, RESISTANCE OF SHIPS, PROPELLERS 
—THRUST SHAFT AND THRUST BLOCK— TUNNEL SHAFTS AND PLUMMER BLOCKS— 

Shaft Couplings— stern Tube— the screw propeller— construction of the 

SCREW. PART IV. — PIPES AND CONNECTIONS-GENERAL REMARKS, FLANGES, 
Valves, &c.~ under Water Fittings— Main steam, auxiliary steam, and 
Exhaust Piping— Feed water, Bilge, ballast and Circulating Pipes, part V.— 
STEAM BOILERS— FIRING AND THE GENERATION OF STEAM— CYLINDRICAL BOILERS. 
— Locomotive boilers — Water- tube boilers— Small Tube Water - Tube 
Boilers— Smoke Box— Funnel and boiler Lagging— Foe ced draught— Boiler 
Fittings and Mountings. PART VI.— MEASURING INSTRUMENTS. PART VII.- 
VARIOUS DETAILS— BOLTS, NUTS, SCREW THREADS ,&c.— PLATFORMS, GRATINGS, 
Ladders — Found itions — Beatings — lubrication — Ventilation of engine 
rooms— Rules for spare gear, part viii .— additional tables. 

“ An excellent specimen of the best class of German technical handbooks ; it is clear and 
systematic in arrangement ; perfectly sound on theoretical matters; and very complete, detailed, 
and distinct in descriptions of construction and directions for calculations, with fully-detailed 
numerical and graphical examples, 1 "— Ensineeri 

“ The book covers very completely the whole range of subjects embraced by the title. 
Dr. Bauer has produced a volume which forms a most useful and important addition to our 
practical text-books on marine engineering, and he has been most fortunate in securing translators 
and editor who have been able to place his views before English readers in such an eminently 
satisfactory form.”— JStte i nee ring. 

“ . . . All who wish to know fhe principles on which this principal branch of science is 
based should be in possession of a copy of this work. There is nothing but solid matter in it."— : 
Marine lingiueei-. /■/■/■ /.y./ ■ M ■- ■ > y/yLy>- '//■ .■ - ■:’/.• 

“The book is one of the Lest we have ever seen on the subject. It will be welcomed both 
by 'the „■ designer and the student of marine, engineering," and no .marine engineer ■.■who wishes to be 
up-to-date can afford to be without it." — Steamship, 


MARINE ENGINES AND STEAM VESSELS. By R. 

Murray, C.E. Eighth Edition, thoroughly Revised, with Additions by 
the Author and by George Carlisle, C.E, Crown Svo, cloth . . 4/6 


MASONRY DAMS FROM INCEPTION TO COMPLETION. 

Including numerous Formulas, Forms of Specification and Tender, Pocket 
Diagram of Forces, &c. For the use of Civil and Mining Engineers. By 
C. F. Courtney, M. Inst. C.E, 8 vo, cloth . ... . . 9/0 


MASTING, MAST** MAKING, AND RIGGING OF SHIPS. 

Also Tables of Spars, Rigging, Blocks ; Chain, Wire, and Hemp Ropes, &c., 
relative to every class of vessels. By R. Kipping. Crown bvo, cloth 2/0 


MATERIALS AND CONSTRUCTION. A Theoretical and 

Practical Treatise on the Strains, Designing, and Erection of Works of Con- 
struction. By F. Campin. Crown 8 vo, cloth .. , .■ . , . . . ■ . . 3/0 


IS CROSBY LOCKWOOD &* SON'S CATALOGUE. 


MATERIALS, A TREATISE ON THE STRENGTH OF. 

By K Barlow, F.R.S., P. W. Barlow, F.R.S., and W. H, Barlow, F.R.S. 
; . Edited by Wm. Humber, A.M.Inst. C.E. Svo, cloth . . , ; 18/0 

’ The standard treatise on that particular subject. "—Engineer. 


MATHEMATICAL TABLES. For Trigonometrical, Astrono- 
mical,- and Nautical Calculations; to which is prefixed a Treatise " oil 
■■■■ Logarithms,; by H. Law, C.E. With Tables for Navigation and Nautical 
. Astronomy. By Prof. J. R. Young. Crown Svo, qloth . . . 4/0 


MECHANICAL ENGINEERING. Comprising Metallurgy, 
Moulding, Casting,. Forging,' Tools, Workshop Machinery, Mechanical 
■Manipulation, Manufacture -.of the Steam Engine, Sec. .Bv Francis 
C ampin, C.E. Third Edition. Crown Svo, cloth . . , .. .2/6 

MECHANICAL ENGINEERING TERMS. (Lockwood's 

Dictionary). Embracing terras current in the Drawing Office. Pattern 
Shop, Foundry, Fitting, Turning, Smiths’, and Boiler Shops, &c. Comprising 
upwards of 6 ,ooo Definitions. Edited by J. G. Horner, A.M.I.M.E. Third 
Edition, Revised, with Additions. Crown Svo, doth . . . Net 7/6 


MECHANICAL ENGINEER'S COMPANION. Areas, 

Circumferences, Decimal Equivalents, in inches and feet, millimetres/ 
squares, cubes, roots, &c. ; Strength of Bolts, Weight of Iron, &c. ; Weights, 
Measures, and other Data. Also Practical Rules for Engine Proportions. By 
R. Edwards, M. Inst. C.E. Fcap. Svo, cloth . ... 3/45 


MECHANICAL ENGINEER’S POCKET-BOOK. Comprising 

Tables, Formulae, Rules, and Data: A Handy Book of Referem e for 
Daily Use in Engineering Practice. By D, Kinnear Clark, M.Inst.C.E., 
Sixth Edition, thoroughly Revised and Enlarged. By H. H. P. Powles, 
A.M.Inst.C.E., M.I.M.E, Small Svo, 700 pp., Leather 

. {Just published , Net 6/0 

' MATHEMATICAL TABLES — MEASUREMENT OF SURFACES AND SOLIDS — ENG- 
LISH WEIGHTS AND Measures — French metric Weights and measures— 
foreign weights and Measures— Moneys— Specific gravity, weight, and 
.Volume. — Manufactured metals — steel Pipes — bolts ..and nuts — sundry 

ARTICLES IN WROUGHT AND CAST IRON, COPPER, BRASS, LEAD, TIN, 2lNC— 
STRENGTH OF MATERIALS — STRENGTH OF TIMBER— STRENGTH OF CAST IRON — 
STRENGTH OF WROUGHT IRON— STRENGTH OF STEEL— TENSILE STRENGTH OF COPPER, 

Lead, &c.— Resistance of Stones and other building Materials— Riveted Joints 

rN BOILER PLATES— BOILER SHELLS— WIRE ROPES AND HEMP ROPES — CHAINS AND 

Chain cables— Framing— Hardness of metals, alloys, and stones— Labour of 
Animals— mechanical principles— Gravity and Fall of Bodies— accelerating 
and Retarding Forces— Mill Gearing, Shafting, &c — transmission of Motive 
Power. — heat— combustion : Fuels— Warming, Ventilation, ■ Cooking stoves— ■■ 

STEAM— STEAM ENGINES AND BOILERS— RAILWAYS— TRAMWAYS — STEAM SHIPS — . 
PUMPING STEAM ENGINES AND PUMPS— COAL GAS— GAS ENGINES, &C.— AIR IN MOTION 
—Compressed air— hot air Engines— Water power— Speed of Cutting Tools 
—Colours- Electrical Engineering, 

“It would be found difficult to compress more matter within a similar compass, or produce a 
book of 700 pages which should be more compact or .convenient for pocket reference,, v Will, 
be appreciated by mechanical engineers of all classes. "--Practical Engineer. 


MECHANICAL ENGINEER’S REFERENCE BOOK. For 

Machine and Boiler Construction. By Kelson Foley, M.I.N.A. New 
: Edition, Revised throughout and much Enlarged. To be issued in parts. ; 

-v /-./ / ;V v-//'''--,- : [In Preparation. 

■ ; “Mr. Foley Is well fitted to compile such a work. The diagrams are a great feature of the 
work. It may be stated that Mr. Foley has produced a volume'. which will undoubtedly fulfil the 
desire of the author and become indispensable to all mechanical engineers.”— iUhrtwe Engineer. ■ ■■■ ■■ 
"We have carefully examined this work, and pronounce it a most excellent reference book 
4br the use of marine engineers.”— journal 0/ American Society 0/ Naval Engineers. 
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MECHANICAL HANDLING OF MATERIAL. A 

Treatise on the Handling of Material such as Coal, Ore, Timber, &c., 
by Automatic or Semi-Automatic Machinery, together with the Various 
Accessories used in the Manipulation of such Plant, and Dealing fully with 
the Handling, Storing, and Warehousing of Grain. By G. F. Zimmer. 
A.M.Inst.C.E. 52S pages Royal Svo, cloth, with 550 Illustrations (including 
Folding Plates) specially prepared for the Work . . •■'Net. 25/0 

“It is an essentially practical work written byapractical man, who is not only thoroughly 
acquainted with his subject theoretically, but who also has the knowledge that can only be 
obtained by actual experience in working and planning installations for the" mechanical handling 
of raw'' material.”— The Times, 


MECHANICS. Being a concise Exposition of the General 
Principles of Mechanical Science and their Applications, By C. Tomlinson, 
F.R.S. Crown 8vo, cloth . . . . . . . . 1/6 

" « 

MECHANICS: CONDENSED. A Selection of Formulae, Rules, 

Tables, and Data for the Use of Engineering Students, &c. By W. G. C. 
Hughes, A.M.LC.E. Crown Svo, cloth . . , , . 2/6 


MECHANICS OF AIR MACHINERY. By Dr. J. Wiesbach 

and Prof. G. Herrmann, Authorized Translation with an Appendix on 
American Practice by A. Troweridge, Ph.B., Adjunct Professor of Mechanical 
Engineering, Columbia University. Royal 8vo, cloth . , Net 1 8/0 


MECHANICS’ WORKSHOP COMPANION. Comprising a 

great variety of the most useful Rules and Formulae in Mechanical Science, 
with numerous Tables of Practical Data and Calculated Results for Facilita- 
ting Mechanical Operations. By William Templeton, Author of “The 
Engineer’s Practical Assistant,” &c. } &c. Eighteenth Edition, Revised, 
Modernised, and considerably Enlarged byW. S. Hutton, C.E., Author of 
“The Works’ Manager’s Handbook,” &c. Fcap. 8vo, nearly 500 pp., with 
8 Plates and upwards of 250 Diagrams, leather « . . , , 6/0 

“ This well-known and largeiy-used book contains information, brought up to date, of the 
sort so useful to the foreman and draughtsman. So much fresh information has been introduced as 
to constitute it practically a new book.”— Mechanical World. 


MECHANISM AND MACHINE TOOLS. By T. Baker, 

C.E. With Remarks on Tools and Machinery by J. Nasmyth, C.E. 
Crown Svo, cloth 2/6 


MENSURATION AND MEASURING. With the Mensuration 

and Levelling of Land for the purposes of Modern Engineering. By T. 
Baker, C.E. New Edition by E. Nugent, C.E. Crown Svo, cloth 1/S 


METAL-TURNING. A Practical Handbook for Engineers, 
Technical Students, and Amateurs. By Joseph Horner, A.M.LMech.E., 
Author of “ Pattern Making,” &c. Large Crown 8vo, cloth, with 488 Illus- 
trations Net 9/0 

SUMMARY OF CONTENTS .-—INTRODUCTION— RELATIONS OF TURNERY AND MACHINE 

shop— Sec. I, . t he lathe, its w ork, : and tools— Forms and ' Functions.: of tools— 
Remarks on Turning in General.— Sec. II. Turning between Centres— Centring 
and driving— Use of steadies— examples of Turning Involving Lining-out 
for centres— Mandrel work.— Sec. III. work Supported at One end— Face 
. ' : i>l ate' 'Turning-Angle plate' , turning— independent j aw "Chucks— Concentric, 
Universal, toggle, and applied chucks.— sec. iv. internal Work— Drilling, 
Boring, and allied operations.— Sec. v. screw cuttings and turret work, 
—sec. vi. miscellaneous — special work — Measurement, Grinding— tool 
Holders-Speed and Feeds, Tool steels— Steel makers’ instructions. 
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METRIC TABLES. In which the British Standard Measures 

and Weights are compared with tnose of the Metric System at present in Use 
on the Continent. By C. H. Dowling, C.E. 8vo, cloth . . . 10/6 

MILLING MACHINES ; their Design, Construction, and Work- 

ing. A Handbook for Practical Men and. Engineering Student s. By J osei-h 
Horner, A.M.I Mecb.E., Author of “Pattern Making,” &c. With 269 
Illustrations. Medium Svo, cloth . ... . . . Net 12/6 


' .ETCi-^SPCfl'ANX) BEVEL GEARS— .FEEDS AND SPEEDS. . 

MOTOR CARS FOR COMMON ROADS. By A. J. Wallis- 

Tayler, A. M. Inst. C.E. 212 pp., with 76 Illustrations. Cro\*n Svo, 

cloth 4/8 

motor vehicles for business purposes, a 

Practical Handbook for those interested in the Transport of Passengers 
and Goods. By A. J. Wallis-Tayler, A.M.Inst.C.E. With 134 Illustra- 
tions. Demy Svo, cloth Net 9/0 


NAVAL ARCHITECT’S AND SHIPBUILDER’S POCKET 

BOOK. Of Formulae, Rules, and Tables, and Marine Engineer's and 
Surveyor’s Handy Book of Reference. By Clement Mackrow, M.I.N.A. 
Ninth Edition, Fcap., leather Net 1 2/8 

Signs and Symbols, decimal Fractions -Trigonometry— practical Geo- 
metry— Mensuration— Centres AND MOMENTS OP FIGURES — MOMENTS OF 
Inertia and Radii gyration — algebraical Expressions for Simpson’s 
Rules— Mechanical principles — Centre of Gravity — laws op Motion- 
Displacement, CENTRE OF BUOYANCY— CENTRE OF GRAVITY OF SHIP'S HULL 
—STABILITY CURVES AND METACENTRES— SEA AND SHALLOW-WATER WAVES 
—ROLLING OF SHIPS— PROPULSION AND RESISTANCE OF VESSELS— SPEED TRIALS— 

Sailing, Centre of Effort— Distances' down Rivers, coast lines— steering and 
Rudders of vessels— Launching Calculations and Velocities— Weight of 
Material and gear — Gun Particulars and Weight —Standard Gauges — 
Riveted Joints and Riveting— Strength and tests of Materials— Binding 

AND SHEARING STRESSES — STRENGTH OF SHAFTING, PILLARS, "WHEELS, &C. — 

hydraulic Data, &c. — Conic Sections, Catenarian Curves — Mechanical 
Powers, Work— Board of Trade regulations for Boilers and engines— board 
of trade Regulations for ships— Lloyd's rules for boilers— Lloyd's Weight 
of Chains— Lloyd's scantlings for ships — Data of Engines and Vessels — 
ships' Fittings and, tests— Seasoning,, Preserving Timber — measurement of 
Timber— alloys, paints, .'Varnishes— Data for stowage— Admiralty Trans- 
port REGULATIONS — RULES FOR HORSE-POWER, SCREW PROPELLERS, &C.— PER- 
CENTAGES for butt Straps— Particulars of yachts— Masting and Rigging 
—Distances of foreign Ports— Tonnage tables— vocabulary of french and, . 
English terms— English weights and measures— foreign. weights. ■■and. Mea- 
sures— decimal equivalents— useful numbers— circular Measures— areas .... 
of and Circumferences of Circles- areas of segments of Circles — Tables 

■■ OF, SQUARES AND CUBES AND ROOTS OF NUMBERS— TABLES OF LOGARITHMS OF :NUM-. 

;,bers— tables of Hyperbolic Logarithms— Tables:, of , Natural Sines, '.tangents-, ; 
. ; :. : .—TABLfis of -'Logarithmic sines, tangents, &c. 

‘In these dap of advanced knowledge a work like' this is of the greatest value. It contains 
a vast amount of information. We unhesitatingly say that it is the most valuable comoilation for its 

' specific .purpose that has ever been printed. No naval, architect, '."engineer, surveyor, s~ : 

wood or non shipbuilder, can afford to be without this work. Nautical Magazine, 


NAVAL ARCHITECTURE. An Exposition of the Elementary 

Principles. By j. Peake. Crown Svo, cloth . . . 3/6 


NAVIGATION AND NAUTICAL ASTRONOMY, In Theory 

and Practice. By Prof. J. R. Young. Crown Svo, cloth . . . 2/6 

“A very complete, thorough, and useful manual for the young navigator.”— Observatory, 


CIVIL , MECHANICAL, ENGINEERING . 


NAVIGATION, PRACTICAL. Consisting of the Sailor's Sea 
Book, by J. Greenwood and W. H. Rosser; together with Mathematical 
and Nautical Tables for the Working of the Problems, by H. Law, C.E., 
and Prof. J. R. Young 7/0 


PATTERN MAKING. Embracing the Main Types of Engineer- 
ing Construction, and including Gearing, Engine Work, Sheaves and Pulleys, 
Pipes and Columns, Screws, Machine Parts, Pumps and Cocks, the Mould- 
ing of Patterns in Loam and Greensand, Weight of Castings, &c. By J. G. 
Horner, A.M.I.MlE. Third Edition, Enlarged. With 486 Illustrations. 
Crown 8vo, cloth ... . . . ■■ . * . . . Net 7/6 

“A well-written technical guide, evidently written by a man who understands and has prac- 
tised, what he has written ■ about.”— Builder , 

PATTERN MAKING. A Practical Work on the Art of Making 

Patterns for Engineering and Foundry Work, including (among other matter) 
Materials and Tools, Wood Patterns, Metal Patterns, Pattern Shop Mathema- 
tics, Cost, Care, &c., of Patterns. By F. W. Barrows. Fully Illustrated by 
Engravings made from Special Drawings by the Author. Crown 8vo, cloth . 

Net 6/0 

- Pattern makers and pattern making— Materials and Tools— Examples of 
Pattern work— m etal patterns— Pattern shop mathematics— Cost, Care, and 
••Inventory of patterns— marking and Record of patterns— pattern accounts. 


PIONEER ENGINEERING. A Treatise on the Engineering 

Operations connected with the Settlement of Waste Lands in New 
Countries, By E. Dobson, M.Inst.C.E. Second Edition. Crown 8vo, 
cloth ... . ... , . 4/6 

PNEUMATICS, Including Acoustics and the Phenomena of 
Wind Currents, for the use of Beginners, By Charles Tomlinson, 
F.R.S. Crown 8vo, cloth . . . . . . . , . 1/6 

PUMP5 AND PUMPING. A Handbook for Pump Users. 

Being Notes on Selection, Constructio 1. and .Management. By M. Powis 
Bale, M.Iast.C.E., M.I.Mecb.E. Fifth Editijn, Crown 8vo, cloth . 3/6 

“ The matter Is set forth as concisely as possible. In fact, condensation rather than diffuse- 
ness has been the author’s aim throughout ; yet he does not seem to have omitted anything likely to 
be of use,'' — Journal of Gas Lighting . 

PUNCHES, DIES, AND TOOLS FOR MANUFACTURING 

IN PRE 55 ES. By Joseph V. Woodworth. Medium 8vo, cloth. 482 
pages with 700 Illustrations .... [J-ust Published. Net 1 6/0 

Simple bending and Forming Dies, their Construction, Use and Operation 
—Intricate Combination, bending, and forming .Dies,, for accurate and Rapid 
'.production— Automatic Forming, bending and Twisting Dies and 'Punches, for,. 
.'.Difficult and "Novel shaping— cut. Carry, and follow dies, together with. 

:TOOL -COM BINATIONS ■■.FOR PROGRESSIVE SHEET. • METAL WORKING— NOTCHING ■ .PER'FO- ' 
RATING AND PIERCING PUNCHES', DIES AND TOOLS— COMPOSITE, SECTIONAL, COMPOUND 
.'AND ARMATURE DISK 1 . AND SEGMENT PUNCHES AND ."DIES— PROCESSES AND TOOLS FOR 
.'MAKING RIFLE CARTRIDGES, CARTRIDGE CASES OF QUICK^FlRING-GUNS, AND '..NICKEL' 

; Bullet Jackets— The Manufacture and.-use'.-of Dies'. ..for. ...Drawing .Wire..'.' and .. 
Bar steel— Pens, Pins, and Needles, their evolution and Manufacture- 
Punches, Dies, and Processes for Making Hydraulic Packing leathers, 
together w ith Tools for bai nt and chemical tablets— Drawing, re-Dr awing, , 
reducing, flanging, :.FoRming,.reversing,,and. cupping:Processes,punches::andv 
Dies for Circular and rectangular and sheet-Mhtal Articles— Beading, 
Wiring, curling and Seaming punches and Dies for closing and assembling of 
Metal Parts— Jewellery Die-making, Eye Glass, Lens and medal Dies, and 
Constructs >n of Spoon and Fork-Making Tools— Design, Construction and Use 
of Sub-Presses and Sub-Press Dies for watch and Clock work and accurate 
Piercing and punching— Drop Forging and die sinking, together with making 
of drop dies, Steam-Hammer Dies, Number-Plate Tools and Dies for Bolt 
Machines— methods, designs, ways. Kinks, Formulas and Tools for Special 

Work, TOGETHER WITH MISCELLANEOUS INFORMATION OF VALUE TO TOOL AND DIE 
MAKERS AND SHEET-METAL GOODS MANUFACTURERS-SPECIAL AND NOVEL PROCESSES, 
PRESSES AND FEEDS FOR WORKING SHEET METAL IN DIES 
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RECLAMATION OF LAND FROM TIDAL WATERS* 

A Handbook for Engineers, Landed Proprietors, and others interested in Works 
of Reclamation. By A. Beazeley, M.Inst.C.E. Svo, cloth. Net IQ /Q- 

' The work contains a great deal of practical and useful information which .cannot fail to be 
of service to engineers entrusted with the enclosure of salt marshes, and to lan downers intending 1 
to reclaim land from the sea .” — The Engineer . 


REFRIGERATING AND ICE-MAKING^ MACHINERY. 

A Descriptive Treatise for the Use of Persons '‘Employing Refrigerating 
and Ice-Making Installations, and others. By A. J. Wallis-Tayler. 
A*M.Inst.C.E. Third Edition, Enlarged. Crown 8 vo, cloth . . 7/6 

“ May be recommended as a useful description of the machinery, the processes, and of the 
facts, figures, and tabulated physics of refrigerating.”— Engineer, 

REFRIGERATION AND ICE-MAKING POCKET 1300K. 

By A. J. Wallis-Tayler, A.M.Inst.C.E. Author of “ Refrigerating and Ice- 
making Machinery,” &c. Fourth Edition. Crown Svo, cloth. Net 3/6 

REFRIGERATION, COLD STORAGE, & ICE-MAKING : 

A Practical Treatise on the Art and Science of Refrigeration. By A. J. 
Wallis-Tayler, A.M.Inst.C.E., Author of “ Refrigerating and Ice-Making 
Machinery.” 6 oo pp., with 360 Illustrations. Medium 8 vo, cloth. Net 1 5/0 

*• The author has to be congratulated on the completion and production of such an impor- 
tant work and it cannot fail to have a large body of readers, for it leaves out nothing that would in 
any way be of value to those interested in the subject ."—Steamship. 

RIVER BARS. The Causes of their Formation, and their 

Treatment by “Induced Tidal Scour”; with a Description of the Successful 
Reduction by this Method of the Bar at Dublin. By I. J. Mann, Assist. 
Eng. to the Dublin Port and Docks Board. Royal 8 vo, cloth . *7/8 

“ We recommend all Interested in harbour works— and, indeed, those concerned in the 
of rivers generally— to read Mr. Mann’s interesting work. "—Engineer, 


ROADS AND STREETS. By H. Law, C.E., and D. K. Clark, 
C.E, Revised, with Additional Chapters by A. J. Wallis-Tayler, 
A.M.Inst.C.E. Seventh Edition. Crown Svo, cloth .... 6/0 

“ A book which every borough surveyor and engineer must possess, and which will be of 
considerable service to architects, builders, and property owners generally. ” — Building jX'evt>s. 


ROOFS OF WOOD AND IRON. Deduced chiefly from the 
Works of Robison, Tredgold, and Humber, By E. W. Tarn, M. A,, 
Architect. Fifth Edition. Crown Svo, cloth . . . . .1/6 


SAFE RAILWAY WORKING. A Treatise on Railway Acci- 

and Prevention ; ..with a Deicription of Modern Appliances 
■Ev ■ Stretton, C.E. . Third' "Edition,' ' ■ Enlarged.",' ■, 
, ■ ... • • • • - • 3/6 


STEAM. Containing Rules for Unprofes- 
Eighth Edition. Sewed . 6». 
by heart, boiler explosions would become 
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5AILMAKING. By Samuel B. Sadler, Practical Sailmaker, 

} ate in the employment of Messrs. Ratsey and Lapthorne, of Cowes and 
Gosoort. Second Edition. Revised and Enlarged. Plates. 41:0, cloth 

A>f12/6 

SAILOR’S SEA BOOK. A Rudimentary Treatise on Naviga- 
tion. By James Greenwood, B. A. With numerous Woodcuts and 
Coloured Plates. New and Enlarged Edition. By W. H. Rosser. 
Crown 8vo, cloth, 2/6 

SAILS AND SAIL-MAKING. With Draughting, and the 
Centre of Effort of the Sails. Weights and Sizes of Ropes ; Masting, 
Rigging, and Sails of Steam Vessels, etc. By R. Kipping, N. A. Crown 
8vo, cloth . 2/6 

SCREW-THREADS, and Methods of Producing Them. With 

numerous Tables and complete Directions for using Screw-Cutting 
Lathes. By Paul N. Has luck, Author of “Lathe-Work," etc. Sixth 

Edition, waistcoat-pocket size . . 1/6 

“ Full of useful information, hints and practical criticism. Taps, dies, and screwing tools 
generally are illustrated and their action described.”— Mechanical World. 

SEA TERMS, PHRASES, AND WORDS (Technical Dic- 
tionary (French-English, English-French), used in the English and French 
Languages. For the Use of Seamen, Engineers, Pilots, Shipbuilders, Ship- 
owners, and Shipbrokers. Compiled by W. Pxrrjr. late of the African 
Steamship Company. F’cap. 8vo, cloth . . . . , . . 5/0 

SHIPBUILDING INDUSTRY OF GERMANY. Compiled 
and Edited by G. Lehmann-Felskowski, With Coloured Prints, Art 
Supplements, and numerous Illustrations throughout the text. Super-royal 
410, cloth . . . . . . . .... . .■ . . . A'W*|0/6 


SHIPS AND BOATS. By W. Bland. With numerous Illus- 

trations and Models. Tenth Edition. Crown 8vo, cloth . . 1/6 

SHIPS FOR OCEAN AND RIVER SERVICE. Principles 

of the Construction of. By H. A. Sommerfeldt. Crown 8vo . , 1/6 

ATLAS OF ENGRAVINGS to illustrate the above. Twelve large folding 
Plates. Royal 4 to, cloth . 7/6 


SMITHY AND FORGE. Including the Farrier’s Art and 

Coach Smithing. By W. J. E. Crane. Crown 8vo, cloth . 2/6 


STATICS, GRAPHIC AND ANALYTIC. In their Practical 

Application to the Treatment of Stresses in Roofs, Solid Girders, Lattice, 
Bowstring, and Suspension Bridges, Braced Iron Arches and Piers, and other 
Frameworks. By R. Hudson Graham, C.E. Containing Diagrams/ and 
Plates to Scale. With numerous Examples, many taken from ^ existing 
Structures. Specially arranged for Class- work in Colleges and Universities. 
Second Edition, Revised and Enlarged. Svo, cloth .... 1 6/0 
“Mr. Graham's book will find a place wherever graphic and analytic statics are used or 
studied," -"Engineer, 
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STATIONARY ENGINE DRIVING. A Practical Manual for 

.Engineers in Charge of Stationary Engines. By Michael Reynolds, 
. : . M.S.E. Seventh Edition. Crown. Svo, cloth, 3/6 ; cloth boards . .4/0 

** The author is thoroughly acquainted with-his subjects, and has produced a manual which is 
an exceedingly useful one for the class for whom it is specially intended.” — -Jingineeringy . 


STATIONARY ENGINES. A Practical Handbook of their 

Care and Management for Men-in-charge. By C. HuJfsT. Crown Svo. Net:] /Q 


STEAM AND THE STEAM ENGINE. Stationary and 

Portable. Being an Extension of the Treatise on the Steam Engine of 
Mr. j. Sewell, ' By D, K. Clark, C.E. Fourth Edition. Crown .Svo,. 

cloth • • * . . . 3/6' 

" Every essential part of the subject is treated of competently, and in a popular style.”— Iron, 


STEAM AND MACHINERY MANAGEMENT. A Guide 

to the Arrangement and Economical Management of Machinery, with 
Hints on Construction and Selection. By M. Fowls Bale, M.inst.M.E. 
Crown Svo, cloth ...... . . . . . . . 2/6 

“ Gives the' results of 'wide experience.”— Lloyd's Newspaper, 


STEAM ENGINE. A Practical Handbook compiled with 

especial Reference to Small , and Medium-sized Engines. Ear tne Use of 
Engine Makers, Mechanical Draughtsmen, Engineering Students, and us rs 
of Steam Power. By Herman Harder, C.E. Translated from the Gern an 
with additions and alterations, by H. H. P. Powles, A.M.I.C.E., M.I.M.E. 
Third Edition, Revised. With nearly r,ioo Illustrations. Crown 6 vc, 

.. cloth . . Net 7/6 

“ This is an excellent book, and should be in the hands of all who are interested.. In the con- 
struction and design of medium-sized stationary engines. ... A careful study of its contents and 
the arrangement of the sections leads to the conclusion that there is probably no other book like it 
in this country. The volume aims at showing the results of practical experience, and it certainly 
may claim a complete achievement of this idea.”— Nature. 


STEAM ENGINE, A Treatise on the Mathematical Theory of, 
with Rules and Examples for Practical Men, - By T. Baker, C.E. Crown 
Svo, cloth . . . . . . . .1/6 

: *' Teems with scientific information with reference to' the -sitma^^aetJ^D'esign '-andWprki ' 


STEAM ENGINE. For the Use of Beginners. By Dr. Larpner 
Crown Svo, cloth " . ..1/0 


STEAM ENGINE. A Text-Book on the Steam Engine, with a 
Supplement on Gas Engines and Part II. on Heat Engines. By T. 
M. Goodeve, M.A., Barrister-at-Law, Professor of Mechanics at the Royal 
College of Science, Condon ; Author of “ The Principles of Mechanics/’ “ The 
Elements of Mechanism/’ etc. Fourteenth Edition. Crown Svo, cloth . 6/0 

: / ■ . Professor Goodeve has given us a treatise on the steam engine, which will bear comparison 
with anything written by Huxley or Maxwell, and we can award it no higher praise." — Engineer. 

“ Mr. Goodeve's text-book is. a work of which every young engineer should possess himself,” 
—Mining journal. 
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By' G ardner D. Hi scon, M.E. With Chapters on Electrical Engineering. 
By Newton Harrison, E.E., Author of “ Electric Wiring, Diagrams, and 
Switchboards.” 450 Pages, Over 400 Detailed Engravings. AT 

[Just published. Net 1 2/6 

- ■ historical-steam and its properties-appliances for the generation 

of Steam— Types of Boilers-Chimney and its work— Heat Economy of the 
Feed water— Steam pumps and their, work-incrustation- and its work- 
Steam above- atmospheric Pressure-Flow of. steam prom >,ozzles-Supkr- 
H fated .Steam, and its work-Adiabatic Expansion of steam— indicator- 1 and. 
its .Work— Steam -Engine Proportions— slide Valve Engines and valve Motion 

-CORIISS ENGINE AND ITS VALVE GEAR— COMPOUND ENG.NE AND ITS THEORY— 

Tripi’e and multiple Expansion - engine— Steam turbine- — refrigeration— 
El evators and their Management-Cost of power-steam Engine Troubles 
—Electric Power and electric plants. 


STONE BLASTING AND QUARRYING. For Building and 

other Purposes. With Remarks on the Blowing up of Bridges. By Gen. 
Sir J. Burgoyne, K.C.B. Crown Svo, cloth . . . . . . 1/6 


STRAINS, HANDY BOOK FOR THE CALCULATION OF. 

In Girders and Similar Structures and their Strength. Consisting of Formulae 
and Corresponding Diagrams, with numerous details for Practical Applica- 
tion, &c> By William Humber, A. M.Inst.C.E., &c. Sixth Edition. 
Crown 8vo, with nearly 100 Woodcuts and 3 Plates, cloth . . » 7/6 

« We heartily commend this really handy book to our engineer and architect readers.”— 
English Mechanic . 


STRAINS ON STRUCTURES OF IRONWORK. With 

Practical Remarks on Iron Construction. By F. W. Sheilds, M.Inst.C.E 
8vo, doth 6/0 


SUBMARINE TELEGRAPHS. Their History, Construction, 

and Working. Founded In part on WOnschkn dorp p’s ** Traitd de Tdld- 
graphie Sous- Marine," and Compiled from Authoritative and Exclusive 
Sources, Bv Charles Bright, F.R.S.E., A«M.Inst.C.E., M.I.Meeh.K, 
M.I.E.E. Super royal Svo, nearly 800 pages fully Illustrated, including 
a arge nua.ber of Maps and Folding Plates, strongly bound in cloth 

Si.' 

“Mr. Bright’s interestingly written and admirably illustrated book will meet with a welcome 
reception from cable men.’ '— Electrician . V '/>7' :t 
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SURVEYING AS PRACTISED BY CIVIL ENGINEERS 

AND SURVEYORS. Including the Setting-out of Works for Construe- 
lion and Surveys Abroad, with many Examples taken from Actual Practice. 

. A Handbook for use in the Field and the Office, intended also as a Text-book 
for Students. By John Whitelaw, Jun., A.M.Inst.C.E., Author of “ Points 
and Crossings,” -With, about 260 Illustrations, Second Edition. Demy Svo, 

. cloth . . . - • * « • • * Net 10/6 

' SURVEYING' WITH THE CHAIN ONLY— SURVEYING WITH THE A ID OF ANGULAR 
INSTRUMENTS— LEVELLING- ADJUSTMENT OF INSTRUMENTS -Railway (INCLUDING 
ROAD) surveys and Setting Out— t acheometr y or Stadia survf.ying-Tunnel 
Alignment and Setting out— Surveys .for Watfr supply Works— hydrogra- 
•jfHtCAL' ds Marine Surveying- Astronomical observations used in Surveying 
- Explanations of Astronomical- terms - surveys Abroad in jungle, .dense 
.Forest, and Unmapped open Country— Trigonometrical or Geodetic surveys. 

- ■ “ This work is written with- admirable -lucidity, and will certainly be found of distinct value 
.both to students and to those engaged in -actual practice.”— The Builder, 

SURVEYING, LAND AND ENGINEERING. For Students 

and Practical Use. By T. Baker, C.E. Twentieth Edition, by F, B. 
Dixon, A.M.Inst.C.E. With Plates and Diagrams. Crown Svo, cloth 

2/0 

SURVEYING, LAND AND MARINE. In Reference to the 

Preparation of Plans for Roads and Railways ; Canals, Rivers, Towns, Water 
Supplies ; Docks and Harbours. With Description and Use of Surveying 
Instruments. By W. Davis Haskoll, C.E. Second Edition, Revised with 
Additions. Large crown 8vo, cloth 9/0 

“ This book must prove of great value to the student. We have no hesitation in recom- 
mending it, feeling assured that it will more than repay a careful study .”— Mechanical World. 


SURVEYING, PRACTICAL. A Text-book for Students Pre- 
paring for Examinations or for Survey Work in the Colonies. By George 
W. Usill, A. M. Inst C.E. Eighth Edition thoroughly Revised and Enlarged 
by Allx. Beazley, M. Inst C.E. With 4 Lithographic Plates and 360 
Illustrations. Large crown Svo, 7/6 cloth; or, on thin paper, leather, gilt 
edges, rounded corners, for pocket use . . . . . . .1 2/6 

Ordinary surveying— Surveying instruments— Trigonometry Required in 
Surveying — Chain surveying — theodolite Surveying— traversing— town- 

SURVSYU’G — LEVELLING — CONTOURING — SETTING OUT CURVES-OFFICE WORK— 
Land quantities— Colomal Licensing Regulations— Hypsometer Tables— 
INTRODUCTION TO TABLES OF NATURAL SINES, ETC.- NATURAL SINES AND CO-SrNES 

—Natural Tangents and Co-Tangents— Natural Secants and Co-Si-:cants. 

“ The first book which should be put in the hands of a pupil of civil engineering .”— A rehitset. 


SURVEYING TRIGONOMETRICAL. An outline of the 

Method of Conducting a Trigonometrical Survey. For the Formation of 
Geographical and Topographical Maps and Plans, Military Reconnaissance, 
levelling, &c., with Useful Problems, Formulas, and Tables. By 
: Lieut. -General Frome, R.E. Fourth Edition, Revised and partly Re-written 
; '-by Major-General Sir Charles Warren, G.C.M.G., R.E. With 19 Plates 
and 115 Woodcuts, royal 8vo, doth ....... 16/0 


SURVEYING WITH THE TACHEOMETER. A Practical 

Manual for the use of Civil and Military Engineers and Surveyors, including 
two series of Tables specially computed for the Reduction of Readings 
in Sexagesimal snd in Centesimal Degrees. By Neil Kennedy, M Inst.C.E. , 
With Diagrams and Plates. Second Edition. Demy Svo, cloth Net 1 0/8 
_ “ The work Is very clearly written, and should remove all difficulties in the way of any surveyor 
desirous of making use of -mis useful and mpid inaxument."—-iy<«l*»r<! : ,' 
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SURVEY PRACTICE. For Reference m Surveying, Levelling, 
and Setting-out ; and in Route Surveys of Travellers by Land and Sea. With 
Tables, Illustrations, and Records. By L. D’A. Jackson, A.M.Inst.C.E. 
Second Edition. 8vo, cloth , 12/6 


SURVEYOR’S FIELD BOOK FOR ENGINEERS AND 

MINING SURVEYORS; Consisting of a Series of Tables, with Rules, 
Explanations of Systems, and use of Theodolite for Traverse Surveying and 
plotting the work with minute accuracy by means of Straight Edge and Set 
Square only ; Levelling with the Theodolite, Setting-out Curves with and 
without the Theodolite, Earthwork Tables, &c. By W. Davis Haskoll, 
C.E. With numerous Woodcuts Fifth Edition, Enlarged. Crown Svo, 

doth . . 12/0 

“The book is very handy; the separate tables of sines and tangents to every minute will 
make it useful for many other purposes, the genuine traverse tables existing ail the same.”— 
Athcvann i. 


TECHNICAL TERMS, English-French, French-English : A 

Pocket Glossary ; with Tables suitable for the Architectural, Engineering, 
Manufacturing, and Nautical Professions. ^ By John James Fletcher. 
Fourth Edition, 200 pp. Waistcoat-pocket size, limp leather . . - 1/6 

“ The glossary of terms is very complete, and many of the Tables are new and well arranged. 

We cordially commend the book.” —Mechanical World, 


TOOLS FOR ENGINEERS AND WOODWORKERS. In- 
cluding Modern Instruments of Measurement. By Joseph Horner, 
A . M . I nst . M . E. , Author of “Pattern Making," &c. Demy Svo, with 456 
Illustrations . . Net 9/0 

SUMMARY OF CONTENTS INTRODUCTION— GENERAL SURVEY OF TOOLS— TOOL 

Angles.— Sec. 1. Chisel Group— chisels and Applied Forms for woodworkers 
— Planes — Hand Chisels and applied Forms for metal Working— Chisel-like 
Tools for Metal Turning, planing, &c.— shearing action and shearing Tools— 

: Sec. II. ■ Examples of scraping Tools.— Sec. III. tools— relating to Chisels and 
scrapes— Saws— Files— Milling Cutters— Boring Tools for wood and metal 
—Taps and Dies.— sec. IV, Percussive and Moulding Tools— Punches,. Hammers 
and Caulking Tools— Moulding and modelling tools— Miscellaneous Tools, 
—sec. V. Hardening, Tempering,.' Grinding, and Sharpening.— sec. VI. Tools 

FOR MEASUREMENT AND TEST— STANDARDS OF MEASUREMENT— SQUARES, SURFACE 

'pf.AtF.s,' 'L evels, Bevels, protractors, &c.— surface Gauges or scribing blocks 
—Compasses and Dividers— Calipers, Vernier -Calipers,, and related Forms— 

—MICROMETER CALIPERS— DEPTH GAUGES AND ROD GAUGES— SNAP CYLINDRICAL AND 
LIMIT GAUGES— SCREW THREAD, WIRE AND REFERENCE GAUGES— INDICATORS, ETC, 

“ As an all-round practical work on tools it is more comprehensive than any with which we 
are acquainted, and we have no doubt it will meet .with the large measure of success to which - its 
merits fully entitle \i, u -~Mech{tnical World. 


TOOTHED GEARING. A Practical Handbook for Offices, 

and Workshops. By J. Horner. A.M.I.M.E. Second Edition, with a New 
Chapter on Recent Practice. With 184 Illustrations. Crown 8vo, cloth 6/0 


TRAMWAYS: THEIR CONSTRUCTION AND WORKING. 

Embracing a Comprehensive History of the System ; with an exhaustive 
Analysis of the Various Modes of Traction, including Horse Powet, Steam, 
Cable Traction, Electric Traction, &c. ; a Description of the Varieties of 
Rolling Stock; and ample Details of Cost and Working Expenses. New 
Edition, Thoroughly Revised, and Including the Progress recently made in 
Tramway Construction, &c. By D. Kinnear Clark, M.Inst,C.E. With 
400 Illustration?. 8vo, 780 pp., buckram t : 26 /Q 
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TRUSSES OF WOOD AND IRON. Practical Applications 

of Science in Determining the Stresses, Breaking Weights, ^ Safe Loads, 
Scantlings, and Details of Construction. With Complete Working Drawings. 

By W. Griffiths, Surveyor. Oblong 8vo, cloth 4/6 

“This handy little book enters so minutely into every detail connected with the con- 
traction of roof trusses that no student need be ignorant of these matters ."—Practical Engineer. 

TUNNELLING. A Practical Treatise. By Charles Prelini, 
C.E. ■ With additions by Charles S. Hill, C-K# With' 150 Diagrams and 
Illustrations. Royal 8vo, cloth . » ... ...... ; 6/0 

TUNNELLING, PRACTICAL. Explaining in detail the Setting- 

out the Works, Shaft-sinking, and Heading-driving. Ranging the Lines and 
Levelling underground, Sub-Excavating, Timbering • and the Construction of 
the Brickwork of Tunnels. By F. W. Simms. M.Inst.C.E. Fourth Edition, 
Revised and Further Extended, including the most recent (1895) Examples 01 
Sub-aqueous and other Tunnels, by D. Kinnear Clark, M.Inst.C.F. With 
34 Folding Plates. Imperial Bvo, cloth . , . . . . s £2 2 s, 

TUNNEL SHAFTS. A Practical and Theoretical Essay on the 
construction of large Tunnel Shafts. By J. H. Watson Buck, M.Inst.C.E., 
Resident Engineer, L. and N. W. R. With Folding Plates, Svo, cloth 1 2/0 
“Will be regarded by civil engineers as of the utmost value and calculated to save much 
time and obviate many mistakes."— Colliery Guardian. 

WAGES TABLES. At 54, 52, 50, and 48 Hours per Week. 

Showing the Amounts of Wages from One quarter of an hour to Sixty-four 
hours, in each case at Rates of ^ Wage* advancing by One Shilling from 4$. 
to 55s. per week. By laps, Gakbutt, Axountant. Square crown Svo, 
half-bound . »' . .. . . . . . . . . . . 0/0 

WATER ENGINEERING* A Practical Treatise on the 

Measurement, Storage, Conveyance, and Utilization of Water for the Supply 
of Towns, for Mill Power, and for other Purposes. By Charles Slagg, 
A.M.Inst.C.E. Second Edition. Crown 8vc, doth . . . , . 7/6 

WATER, POWER OF. As Applied to Drive Flour Mills and 
to give motion to Turbines and other Hydrostatic Engines. By Joseph 
Glynn, F.R.S., &c. New Edition. Illustrated. Crown Svo, cloth 2 / 0 . 

WATER SUPPLY OF CITIES AND TOWNS. By Wil- 

.. liam' ■ Humber, A. M. Inst. C.E.,. and M.Inst.M.E., Author of “Cast and 
Wrought Iron Bridge Construction,” &c., &c. Illustrated with 50 Double 
Plates, 1 Single Plate, Coloured Frontispiece, and upwards of 250 Woodcuts, 
and containing 400 pp. of Text. Imp. 4to, elegantly and substantially 
half-bound in morocco . . *....» : * ; . Nei £6 6s. 

■ . ' . List of contents*.— i. 'Historical sketch of some of the means that have 

BEEN AOOFTEB ..FOR THE SUPPLY OF WATER TO CITIES AND TOWNS.— II. WATER AND 
THE. FOREIGN MATTER USUALLY ASSOCIATED WITH IT.— Ill, RAINFALL AND EVAPORA- 
TION.— IV. SPRINGS AND THE WATER-BEARING FORMATIONS OF • VARIOUS'-DISTRICTS.." 

.— v. Measurement and estimation of the. flow of Water.— vl on the selection 

OF THE .SOURCE OF SUPPLY.— VII. W ELLS. -VI I L RESERVOIRS.— IX. THE PURIFICATION 
; OF'. :W ATBR.— X. PUMPS.— XI. PUMPING MACHINERY.— XII, CONDUITS— XIII. vDlSTRJBU- 
TION OF Water. -XIV. meters, service Pipes, and House fittings.— xv. the Law 
and economy of water- works,— xvi. - .constant - and . intermittent ■■ supply,— ; 

XVII. DESCRIPTION OF PLATES.— APPENDICES, GIVING TABLES OF RATES OF SUPPLY, 

Velocities, &c., ate,, together with specifications of several works illus- 
trated, AMONG WHICH WILL BE FOUND : ABERDEEN, BlDEFORD, CANTERBURY, 

Dundee, Halifax, Lambeth, Rotherham, Dublin, and others. 

u The most systematic and valuable work upon water supply hitherto produced in English, or 
in any other language. Mr. Humber's work is characterised almost throughout by an 
.eshansriveness much mom distinctive of" French and German than of English technical treatises." 
— js ngimer. ■ 
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WATER SUPPLY OF TOWNS AND THE CONSTRUC- 
TION OF WATER- WORKS. A Practical Treatise for the Use of 
.Engineers and Students of Engineering. By W. K. Burton. A. M.Iast.C.E., 
.^Consulting Engineer to the Tokyo Water-works. Third Edition, Revised. 
Edited by Allan Gref.nwell, F.G.S., A.M.Inst.C.E., with numerous 
: Plates and Illustrations. Super-royal 8vo, buckram. [Just published. '2S/0 

I. INTRODUCTORY. — II. DIFFERENT QUALITIES OF WATER. — III. QUANTITY OF 

Water to be provided.— IV. on ascertaining whether a proposed. Source of 

SUPPLY IS SUFFICIENT. —V. ON ESTIMATING THE STORAGE CAPACITY REQUIRED 
TO BB PROVIDED — VI. CLASSIFICATION OF W ATERAVORKS. —VI I. IMPOUNDING RESER- 

voirs.— viii. Earthwork Dams.— IX. Masonry Dams.— X. The Purification of 
Water.— XI. settling Reservoirs.— X ll. Sand Filtration.— XIII. Purification 
of Water by action of iron. Softening of Water by action of Lime, Natural 
Filtration.— XIV. Service or Clean Water reservoirs— Water Towers— Stand 
Pipes.— XV. The connection of settling Reservoirs, filter Beds and service 
reservoirs.— XVI.. . Pumping machinery — XVII. Flow of water in Conduits— 
Pipes and Open Channels.— xviii. .distribution systems.— XIX. Special Pro- 
visions. for. the Extinction of Fires.— XX Pipes for water-works.— XXI, Feb-: 
Ve niton of waste of water.— xxii. Various appliances used in connection 

WITH WATER-WORKS. 

. Appendix !. By prof. JOHN MILNE, F.R.S — Considerations concerning the 
probable' Effects of Earthquakes on Water-works, and the special Pre- 
cautions TO BE TAKEN IN EARTHQUAKE COUNTRIES.. 

Appendix 11. By JOHN de rijke, CE.— on Sand dunes and Dune sants as 
a Source of Water supply. 

“ We congratulate the author upon the practical commonsense shown In the preparation of 
this work. . The plates and diagrams have evidently been prepared with great care, ar.d 

cannot fail to be of great assistance to the student.’ 1 — Builder , 


WATER SUPPLY, RURAL. A Practical Handbook on the 

Supply of Water and Construction of Waterworks for small Country Districts. 
By Allan Greenwell, A.M.Inst.C.E.. and W. T. Curry, A.M.InstC.E., 
F.G.S. With Illustrations. Second Edition, Revised. Crown 8vo, cloth 5/0 

“ The volume contains valuable information upon ah matters connected with water supply 
; ... It is full of details on points which are continually before water- works engineers.”— Nature . 


WELLS AND WELL-SINKING. By J. G. Swindell, 
A.R.I.B.A., and G. R. Burnell, C.E. Revised Edition. Grown 8vo, 
cloth 2/0 


WIRELESS TELEGRAPHY: ITS THEORY AND PRAC- 
TICE. A Handbook for the .use of Electrical Engineers, Students, and 
Operators, By James Erskjne* Murray^ D.Sc., Fellow of the Royal 
Society of Edinburgh, Member of the Institution of Electrical Engineers. 
Demy 8vo, 338 pages, with over 130 Diagrams and Illustrations. 

[Just Published. Net 1.0/6 

Adaptations of the Electric Current to Telegraphy— earlier Attempts 
at wireless Telegraphy-Apparatus used in thf. production of high Fre- 
quency currents— detection of short-lived Currents of high frequency by 

MEANS OF IMPERFECT ELECTRICAL CONTACTS— DETECTION OF OSCILLATORY CURRENTS 

ok High Frequency by their effects on Magnetised iron— thermometkic de- 
tectors OF OSCILLATORY CU k R ENTS OF HIGH FREQUENCY— ELECTRI >LYTIC DETECTORS 
—the Marconi system — the Lodge-Muirhead system— the Fessenden system— 
The Hozr hr- Brown system— Wireless telegraphy in Alaska— The de Forest 
System— The poulsen System— the telf-funken system— directed Systems— 
some Points in 1 he Theory of jigs and jiggers— on Theories of transmission— 

. World-Wave telegraphy— Adjustments, electrical Measurements and fault 
Finding— On the. Calculation ok a syntonic Wireless Telegraph station- 
tables and Notes. ,. ^ 

. . .a serious and meritorious contribution to the literature on this subject The 
Author brings to bear not only great practical knowledge, gained by experience in the operation 
of wireless telegraph stations, but also a very sound knowledge of the principles and phenomena of 
physical science. His work is thoroughly scientific in its treatment, shows much originality 
throughout, and merits the close attention of all students of the subject,”— ' Bngin & ffng .* 
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WIRELESS TELEPHONY IN THEORY AND PRACTICE, 

By s '£rsst ' Buhmer. Translated from the German by J. Er*kine-Murray 
D.Sc., M.I.£.E., < &c. Author of “ A. Handbook of Wireless Telegraphy. 1 
With an Appendix on Recent Advances by the Translator, ' and numerous 
Illustrations. Demy 3vo. cloth . ... , l Just published** Net 1 0/€ 


WORKSHOP PRACTICE. As applied to Marine, Land, and 

■ Locomotive . Engines, Floating Docks, Dredging Machines, Bridges, Ship 
building, See. By J. G. Wiston. .Fourth Edition, illustrated. . Grown Sva, 
cloth'-, ■■ . . . . . . f . ■ ., 3/6' 


WORKS* MANAGER'S HANDBOOK. Comprising Modern 

Rules, Tables, .and Data. For Engineers, Millwrights, and Boiler Makers; 
.Tool Makers, Machinists, and Metal Workers ; Iron' and Brass Founders, &c. 
By W. S. Hutton, Civil and Mechanical Engineer, Author of “The. Practical 
Engineer’s Handbook.” Seventh Edition, carefully Revised, and Enlarged. 
Medium - 8vo, strongly bound .... [ Just published 16/0 

Stationary- and Locomotive Steam-Engines, Gas Producers, Gas-Engines, 
Oil-Engines, etc.— hydraulic memoranda-. Pipes, pumps, water-power,, etc.— 

Ml.LLWORK : SHAFTING, GEARING, PULLEYS, 'ETC— STEAM BOILERS, SAFETY VALVES, 

Factory Chimneys, etc.— Heat, Warming, -and ventilation— m elting, Cutting, 
and Finishing Metals— alloys and- Casting— Wheel-Cutting, . screw-Cutting. 

, etc. —Strength and weight of materials— Workshop data, etc. , - 

"The volume is an exceedingly useful one, brimful with engineer':; notes, memoranda, and 
rules, and well worthy of being on every mechanical engineer’s bookshelf. " —Mechanical World. 
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PUBLICATIONS OF THE ENGINEERING 
STANDARDS COMMITTEE. 


M ESSRS. CROSBY LOCK WOOD and SON, having been appointed 
Official Publishers to the ENGINEERING STANDARDS 
COMMITTEE, beg to invite attention to the, List given below of 
the Publications 'already ■issued- by the Committee, and will be prepared to\ 
supply copies thereof and of all Subsequent Publications as issued,' 

The Engineering Standards Committee is the outcome of a 
Committee appointed by the Institution of Civil Engineers at the instance 
of Sir John Wolfe Barry, K.C.B., to inquire into the advisability of 
Standardising Roiled Iron and Steel Sections. 

The Committee as now constituted is supported by the Institution of 
VCivil Engineers, the institution- of Mechanical Engineers,'' -the' Institution' . 
of Nap.1 Architects, the Iron and Steel Institute, and the Institution of 
Electrical Engineers ; and the value and importance of its labours— not 
only to the Engineering profession, but to the country at large— has been 
emphatically recognised by His Majesty’s Government, who have made a, 
liberal grant from the Public Funds by way of contribution to the financial 
resources of the Committee, and have placed at its disposal the services (on 
the several Sub-Committees) of public officials of the highest standing 
/ selected from various Government Departments. ■ 

The subjects already dealt with, or under consideration by the Com- 
mittee, include not only Rolled Iron and Steel Sections, but Tests for Iron 
and Steel Material used in the Construction of Ships and their Machinery, 

. Bridges and. General Building Construction, : Railway Rolling Stock, Under- 
frames, Component Parts of Locomotives, Railway and Tramway Rails, 
Electrical Plant, Insulating Materials, Screw Threads and Limit Gauges, 
Pipe Flanges, Cement, etc. 

These particulars will be sufficient to show the importance to the 
Trade and Industries of the Empire of the work the Committee has 
.undertaken. : - : y v/y ;y : .. Tv ■ . yly 

Reports already Published : — 

1. BRITISH STANDARD SECTIONS (9 lists).— A ngles, 
Equal and Unequal.— Bulb Angles, Tees and Plates.— Z and T 
Bars.— Channels.— Beams, v. ■ • ■: Net I/O 

2. TRAMWAY RAILS AND FISH-PLATES. Net 21/0 

3. REPORT ON THE INFLUENCE OF GAUGE LENGTH. 

By Professor W. C. Unwin, F.R.S. Net 2/8 

4. PROPERTIES OF STANDARD BEAMS. 

{Included in No. 6.) Net 1/0 

5. STANDARD LOCOMOTIVES FOR INDIAN RAIL- 

WAYS. ■ - . Net 10/6 

6. PROPERTIES OF BRITISH STANDARD SECTIONS. 

Diagrams, .Definitions, Tables, and Formulae. Net. 8/0 

7, TABLES OP COPPER CONDUCTORS AND THICK- 
NESSES OF DI. ELECTRIC. Net 2/6 

S. TUBULAR TRAMWAY POLES. Net 5/0 

9. BULL-HEADED RAILWAY RAILS. Net 10/6 

10 . TABLES OF PIPE FLANGES. Net 2 6 

11. FLAT-BOTTOMED RAILWAY RAILS. Net 10/6 

12. SPECIFICATION FORM>ORTLAND CEMENT. Net 2/6 

13. STRUCTURAL STEEL FOR SHIPBUILDING. Net 2/6 
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